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PEEFAOE. 


Tramways  have  been  developed  by  dint  of  sheer 
hard  work  and  persbtenqr,  and  they  are  now 
an  accepted  means  of  transport,  urban  and  sub- 
urban, sanctioued  by  experience,  approved  and 
adopted  by  the  public. 

Unassuming  and  unobtrusive  as  they  are, 
tramways  have  been  the  subject  of  a  wide  range 
of  experienca  By  failures,  engineers  have  dis- 
covered what  would  not  do ;  and,  as  practical 
philosophers,  they  have,  by  induction,  arrived 
at  the  conditions  for  efliciency.  There  exists  a 
sentiment,  which  is  somewhat  prevalent,  that 
tramway  engineering  is  but  a  humble  branch  of 
the  profession.  The  sentiment,  bom  of  self- 
complacency,  is  delusive.  To  tramways,  it  is 
true,  Titanic  arches,  Acherontian  tunnels,  and 
Cyclopean  engines,  do  not  appertain.  Neverthe- 
less, tramways  cost  half  as  much  as  railways,  and 
they  earn  more  money  by  the  mile ;  they  have 
involved  as  much  blundering  as  railways;  like 
railways,  they  have  exhausted  reputations,  and 
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they  hare  cost  more  than  railways  for  working 

expenses. 

The  object  of  this  book  is  mainly  to  place 
before  engineers,  capitalists,  and  financiers,  a 
succinct  analysis  of  the  past  practice  and  the 
present  achievements  in  tramways  in  the  United 
Kingdom,  as  works  of  engineering,  and  aa  money- 
making  ooncems.  I  have  been  materially  aided 
in  this  work  by  the  engineers  of  tramways,  who 
have  kindly  placed  their  plans  and  specifications 
at  my  service ;  and  by  the  secretaries  and  mana- 
gers, who  have  supplied  me  with  copies  of  their 
accounts. 

I  believe  the  results  of  these  analyses  will  be 
found  of  essential  service,  in  showing  how  the 
capital  has  been  laid  out,  how  the  daily  expenses 
are  incurred,  and  in  what  directions  economy  of 
expenditure  is  to  be  effected. 

Tramways  will  not  take  their  fitting  place  in 
the  systems  of  transport  in  the  United  Kingdom, 
until  mechanical  power  is  established  in  substi- 
tution for  the  power  of  horses.  The  employment 
of  horse-power  in  the  dire  work  of  starting  and 
dragging  the  ponderous  cars  in  vogue,  is  an 
element  of  barbarism,  germane,  it  may  be,  to 
the  primitive  habits  of  oriental  hfe,  but  very 
much  out  of  place  in  a  civilised  countiy. 

D.  K  Clark. 

8  BvesnreKAX  Snassi,  Asxlphi, 
Loimov:  JIM,  1S78. 
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TEAMWAYS. 

PAET  I. 

ORIGIN  Aim  PROOBBSa  OF  TRAMWAYS. 

CHAPTER  1. 

IKTIU)DUCTION  OF  TSAMWAT6. 

A  TEAM,  according  to  Nnttall,  is  the  shaft  of  a  cart 
or  carriage.  It  is  also  the  local  name  of  a  coal- 
waggon,  whence  is  derived  the  compound  word  tram- 
umy  or  tramroad — a  road  laid  ^vith  narrow  tracks  of 
wood,  stone,  or  iron,  for  trams  or  wagcfons. 

In  France,  tramways  were  olhcially  known  as 
*  horse-railways  '  (voies  ferrees  a  traction  de  chevatix). 
By  the  public  they  were  known  as  '  American  rail- 
ways'  {chemins  de  fer  Americains,  or  simplj'  VAmiri- 
cain).  Finally,  of  late,  the  English  word  '  tramway  * 
has  become  nniversaily  adopted  in  Franoe. 

A  tramway,  in  the  modem  sense  of  the  word,  is 
a  street-railway  or  a  rofld-railway,  eonstituting,  with 
the  carriage-way,  a  combination  of  rulways  and 
common  thoronghfkres :  snch  that  the  traffic  of  the 
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street  or  the  road,  unafifected  by  the  tramway,  is  free 
to  circulate.  It  follows,  as  the  principal  condition 
of  such  free  circulation,  that  the  surface  of  the  rails, 
•whilst  they  are  adapted  for  carrying  flanged  wheels, 
should  be  substantially  at  the  general  level  of  the 
carriage-way. 

Tramways,  for  facilitating  heavy  oontinuons  traffic, 
were,  as  may  be  imagined,  more  desirable  in  the  days 
of  no  roads  or  bad  roads,  than  they  are  even  now. 
They  were  laid,  more  than  two  hundred  years  ago, 
in  tiie  mineral  districts  of  England,  when  coal  was 
rapidly  supplanting  wood  as  fuel,  for  the  conveyance 
of  coal  to  the  sea-coast  fur  shipment.  The  ditficulty 
of  keeping  the  roads  in  repair — leading  from  coal- 
mines— uiaj  easily  be  conceived.  Somethiii*:;  of  the 
condition  of  roads  in  the  ante-uiacadam  period  may 
be  witnessed  to-day  in  the  earth  roads  of  Egypt. 
These,  after  a  heavy  fall  of  rain,  become  seas  of  mud, 
and  constitute  formidable  impediments  to  circulsr 
tion,  instead  of  facilitating  it.  Our  forefathers  were 
led  to  lay  planks  or  timbers  at  the  bottoms  of  the 
ruts,  as  a  better  contrivance  than  filling  in  stones. 
The  inconvenience  of  the  ruts,  again,  led  to  placing 
planks  or  rails  of  timber  on  the  level  sur&ce.  In 
1676,  tramways  consisted  of  rails  of  timber  laid  '  from 
the  coUiery  to  the  river,  exactly  straight  and  parallel.' 

The  rails  originally  were  formed  of  scantlinyfs  of 
good  soniid  oak,  and  were  connected  by  sills  or  cross- 
timbers  of  the  same  material,  pinned  together  with 
oak  trenails,  as  sliown  in  finr.  1.  The  rails  were 
4  inches  deep,  and  \  or  5  inches  wide,  laid  parallel, 
3  or  4  feet  apart,  iu  lengths  of  6  feet.  The  cross- 
sleepers  wei^  6  feet  long  by  4  or  5  inches  deep,  and 
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5  inches  wide,  laid  about  2  feet  apart  between  centres. 
The  rapid  abrasion  and  wear  of  the  rails,  in  conse- 
qnence  of  the  coarse  constmction  of  the  wheels,  and 
the  wear  of  the  sleepers  bj  the  action  of  the  horses' 


Fio.  1.  Early  timber  tramvajs.  Scale, 


feet,  led  to  the  placiiif^  of  an  additional  rail,  fig.  2,  upon 
the  tirst  rail.  This  second  rail  became  the  wearing 
piece,  and  could  be  renewed  with  facility  ;  whilst  the 
increased  depth  aflt'orded  by  it  admitted  of  the  cover- 
ing of  the  sleepers  by  the  soil,  and  their  protection 
from  the  horses'  feet.  The  wearing  rails  were  of  hard 
wood  —  beech  or  sycamore  —  6  feet  long  by  from 
4  to  6  inches  deep.  The  under  rails  of  the  double  way, 
at  first  made  of  oak,  were  subsequently  made  of  fir. 


Pio.  3.  Early  timber  tnunvAyc,  with  double  mile.  Scale 

It  became  a  common  practice  to  nail  down  bars  of 
wrought  iron  on  the  surface  of  the  ascending  inclines 
of  the  road,  where  the  draught  was  increased,  in 
consequence  of  the  greater  wear  of  the  timber.  These 
bars,  or  rails,  were  about  2  inches  wide,  and  \  inch 
thick,  and  fastened  to  the  wood  rails  by  nails  liavini,' 
conntt^rsnnk  heads.  But  the  iron  bars,  not  beiiiL^  stitf 
enough,  were  considerably  bent  when  the  trucks 
vrere  loaded,  and  the  resistance,  according  to  Mr. 
Wood,  was  reduced  but  sHghtlj  below  that  of  a  well- 
constructed  double  wooden  railway. 

B  2 
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Nevertheless,  a  marked  improvement  in  the  per- 
formance of  the  draught-horses  followed  upon  the 
establishment  of  the  Ixamway.  The  regular  load  of 
coals  for  one  horse,  on  the  common  road,  amounted 
to  8  bolls  or  17  cwt.,  whilst,  upon  the  tramway,  the 
horse  could  regularly  take  a  load  of  19  bolls  or 
42  cwt.  of  coal 

Cast-iron  was  first  tried  incidentally,  as  a  mate- 
rial for  rails,  in  1767,  by  the  Colebrooke  Dale  Iron 
Company,  who  determined  to  protect  their  oak 
rails  with  cast-iron,  *  not  altogether  as  a  necessary 
expedient  of  improvement,'  says  Mr.  Hornblower, 
writinpf  in  1800,  '  but  in  part  as  a  well-digested 
measure  of  economy  in  support  of  their  trade.  From 
some  adventitious  circumstances,  the  price  of  pigs 
became  very  low,  and  their  works  being  of  great  ex- 
tent, in  order  to  keep  the  fumaoos  in,  they  thought 
it  would  be  the  best  means  of  stocking  their  pigs  to 
lay  them  on  the  wooden  railways,  as  it  would  help 
to  pay  the  interest  by  reducing  the  repairs  of  the 
rails ;  and  if  iron  should  take  any  sudden  rise,  there 
was  nothing  to  do  but  to  take  them  up,  and  to  send 
them  away  as  pigs.'  > 

The  iron  rails  were  cast  in  lengths  of  5  feet, 
4  inches  wide,  and  1  \  inches  thick,  as  in  fig.  formed 
with  three  holes,  through  which  they  were  fastened 
to  the  oak  rails ;  '  and  very  complete  it  was,  both  in 
design  and  in  execution.'  See  fig.  3. 

The  tramway  was  developed  into  the  railway  by 
the  enjployment  of  flange-rails  and  edge-rails  of  cast- 
iion  and  of  wrought-iron,  designedly  elevated  above 

I  ^  CMMrvofMn*  ly  Jlfi*.  SomhloweTf  in  the  Appendix  to  th§ 
JTMrd  Report  o/tht  OmmittM  on  BJ^kwajfi,  1800. 


Digitized  by  Google 


CAST-IRON  TRAM-RAILS, 


5 


the  surface  of  the  ground,  upon  new  tracks  lai]  out 
specifically  for  the  formation  of  railways.  But,  a  re- 
action set  in  when  it  was  found  that  railways  wanted 
the  needful  adaptability  to  follow  out  the  subordinate 
lines  of  traffic  which  occupied  roads  and  streets.  The 
convenient  and  unpretentious  tramway  was  revivedy 


Fio.  8.  Cbst-ivoB  tna-nila,  \fs  the  Colebrooke  Dale  Iron  Oumpatiy. 

uid  laid  in  streets  and  common  roads,  for  the  con- 
veyance of  passengers  on  the  omnibus  system.  The 

revivals  have,  for  the  most  part,  been,  like  the 
primitive  tramways,  worked  b}^  the  power  of  horses. 
Nevertheless,  in  view  of  the  success  of  the  tramway 
system,  as  a  mechanical  fact,  it  may  be  expected  that 
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steam  or  other  meclianical  power  will  be  sabetitated 

for  horses. 

The  modern  tramway  was  first  employed  in  the 
United  States,  where  it  was  urgently  wanted,  in  con- 
sequence of  the  inferior  condition  of  the  streets  and 
roads  of  the  large  cities.    The  first  American  tram- 
way was  the  New  York  and  Haarlem  line,  of  which 
the  first  section,  laid  in  the  main  thoroughfares,  was 
opened  in  1832.  It  was  laid  to  a  gange  of  4  feet  8^ 
inches.   But  it  was  unpopular,  and  was  for  a  time 
suppressed.    Tramwajs,  nevertheless,  were  revived 
in  the  same  citj,  about  the  year  1852,  bj  the  instru- 
mentalitj  of  M.  Lo^bat,  a  French  engineer,  who  re- 
commended and  laid  down  a  tramway,  consisting  of 
rolled  wrought-iron  rails  laid  upon  wooden  sleepers. 
The  rails  were  constructed  with  a  groove  in  the  upper 
surface,  to  guide  the  wheels  of  the  cars,  which  were 
made  with  flanges,  like  those  of  railway  carriages 
and  waggons.'    Tramways  were  rapidly  multiplied 
in  New  York,  which  owes  nmcli  of  its  development 
to  the  tramways,  the  traffic  upon  which  is  of  much 
more  importance  tlian  that  of  the  light-wheeled 
yehicles,  used  for  ordinary  circulation.  Otherwise 
the  rails,  which  were  formed  with  wide,  gulf-like 
grooves,  would  not  have  been  tolerated  in  the 
streets.  The  tramway  afforded  incalculable  advan- 
tages, and  it  became  an  indispensable  feature  in  the 
principal  cities  of  the  United  States.  The  long  dis- 
tances to  be  traversed,  the  generally  bad  condition  of 
the  streets  and  roads,  and  the  comparative  scarcity 
of  other  vehicles,  formed  a  combination  of  circum- 

^  The  rails  laid  by  M.  Loitbat,  in  Paris,  hereafter  noticed,  wwe 
similar  to  tho&e  laid  by  him  ia  America. 
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stances  which  forced  the  tram  way- car  into  general 
use  for  all  classes. 

New  York  Tram-Rails.   Scale,  )  full  size. 


Fio.  6.  New  York,  Second  Avenae. 

Habits  were  formed,  and  the  irregularities  of  rails 
and  roads  were  of  less  importance  than  they  lad  been 
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felt  to  be  in  thig  ooimtrj.  The  annexed  sectional 
innstrattona  ahow  the  fearlesa  manner  in  which  the 
New  York  tram-rails  were  proportioned — combining 


Ksv  ToBK  Tbam-Baiui,  Scale.  \  fbU  tiw. 


obnoxious  grooYca  with  massiviB  sections.  An  nnso- 
phisticated  obserrer,  atmck  by  the  proportions  of  the 
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rails  in  Kew  York,  with  the  portentous  grooves, 
described  them  as  'rails  which  have  a  sort  of  iron 
l^rntter  attached  to  each  on  their  inside  edge.'  * 

Tram-Rails  m  New  York. 


Fig. 
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*  Letter  of  Mr.  Lon^jrley,  quoted  by  Mr,  Beresford  Hope,  in  hia 
evidence  before  the  Select  Committee  on  Tramways,  1872.  Mr. 
Peel,  a  member  of  the  Committee,  struck  by  the  originality  of  the 
notion  of  a  'gutter  *  alongside  the  nil,  naturally  inquired  <tf  Mr. 
Hope, — 

In  coni|Muring  the  New  York  syetem  with  that  adopted  in 
London,  you  spdce  of  an  iron  gutter  as  being  a  feature  of  the 

iyetem  ? 

Am.  My  correspondent  is  Mr.  L()n<rley,  son  of  late  Arcli- 
bishop,  who  is  very  well  known,  and  who  hapj)ened  to  be  in  X»  w 
York  lost  year.  I  do  not  know  whether  you  wish  to  challenge 
iiie  aodal  oondilaon  of  mj  New  York  oomepondent 

Not  hf  any  meene.  Bat,  aa  I  nndentend,  the  iron  gutter  ie 
not  at  all  uf>ed  in  tiie  Engliah  eyatem  P 

Am.  I  do  not  auppoae  that  any  witneas  haa  contended  that 

It  IS. 

I>iit  when  you  say  that  the  New  York  sy.>;tem  Is  cliaractrrised 
by  iruu  gutters,  and  is  therefore  diaadvauU\geou8  to  the  public, 
vdiat  ie  the  inference  yon  wiah  the  Oommittee  to  draw  f 

Am,  That  IhM  New  York  ayatem  haa  one  more  element  of 
ineonTonienee  in  it  than  the  EngUah  «yatem. 

Aa  Mr.  Hope  hiniaelf  amd  in  hia  next  answer,  auch  sort  of 
evidence  is  *  a  mere  red  heiring,  very  unfiur  and  veiy  untrue.'  0/ 
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Mr.  Clmrles  L.  Lif,'ht,  an  English  enjjfinoer,  pro- 
perly conceiving  that  the  great  groove,  or  *  gutter,' 
in  the  rail,  was  a  great  nuisance,  devised  and  laid,  in 
1856-57,  a  less  incomraodions  tram-rail  in  the  streets 
of  Boston,  U.S.,  in  which  the  depth  of  the  groove 
was  limited  to  |  inch,  whilst  the  inner  side  of  the 
groove  was  carried  up  with  a  flat  slope,  so  formed 
that  mud  or  small  stones  conld  be  the  more  readily 
pushed  away  hy  the  flanges  of  the  car-wheels.  The 
groove  was  not  so  deep,  and  not  so  damaging  to 
the  wheels  of  ordinary  Tehides,  as  the  grooves  of  tiie 


Fio.  10.  Cart  inn  niU  Boston,  U.a,  by  Mr.  a  L.  Light  Scale  ^. 

New  York  rails.  The  rails,  (1*,^  10,  were  of  cast-iron, 
in  lengths  of  G  feet  imd  8  feet,  weighing  75  pounds 
per  yard.  The  ends  of  the  mils  w<>rp  formed  with 
dowels  and  cores,  placed  diagonally,  which,  being 
interlocked,  were  designed  to  maintain  the  ends  of 

such  18  history  made.  Here  is  another  bit  of  Mr.  Hope's  evidsnee : 
'  Omnibuses,  dangefous  and  diaagieeaUe  as  they  are,  move  in  and 
out ;  while  a  traniwny  cannot  move  in  and  out.'  *  Mr.  Train  ran 
one  of  his  lines,  and  bad  a  station  fnr  his  omnihui*es  under  my 
window,  and  the  noise,  and  the  hallooinjf,  and  tlip  row  that  went 
on  w^s  a  great  incouyeuience,  certainly.'  Such  evidence  watt  un- 
answerable. 
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the  lengths  of  rail  at  one  leveh  These  rails,  after 
seTeral  jeai's,  were  replaced  by  rails  of  wronfrht-iron. 

To  mitigate  the  incoDveniences  of  the  New  York 
sections  of  tram-rail,  a  diflferent  form  of  rail — a 
'  step-rail.'  as  it  may  be  called — fig.  11,  from  which 
the  groove  was  banished^  thoogh  a  ridge  remained, 
was  introduced  in  Philadelphia,  and  laid  in  Fifth 
and  Sixth  Streets,  where  it  gare  satisfaction.  It 
consisted  of  a  flat  plate,  5  inches  wide,  formed 
with  a  raised  ledge  or  fillet  at  one  edge,  standing 
J  inch  above  the  snrfaee  of  the  plate,  without  any 
groove.   The  plate  was  formed  with  a  ledge  or  fillet 


Fio.  11.  Phi]ad«lphia  step-raiL  SenU  \. 


at  each  side,  below,  let  into  corresponding  rebates 
in  the  npper  comers  of  the  sleepers. 

The  weight  was  46  pounds  per  yard.  The  gauge 
was  fixed  at  5  feet  2  inches  between  tiie  ledges  to  suit 
the  wheels  of  ordinary  yehicles,  which  could  run  on 
the  lower  fiat  surface.  The  type  of  tramway  thus 
settled  for  Philadelphia,  in  1855,  which  is  still  adhered 
to,  is  shown  in  figs.  12  and  18. 

The  rails  were  laid  on  longitudinal  sleepers  of 
yellow  pine,  5  inches  wide  and  7  inches  deep,  bolted 
down  upon  transverse  sleepers  G  inches  wide  and 
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5  incki^  deep,  with  iron  knees  to  maintain  the  rails 
in  gauge. 
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Ens.  12  and  IS.  Fhiladdphia  Ttaonraya.  Seale  ^. 

Following  the  principle  of  the  Philadelphia  rail, 
bnt  adoptmg  a  greater  width — 8  inches — a  similar 
rail,  fig.  14,  was  introduced  in  New  York  previons  to 
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I860.  It  was  better  adapted  for  taldng  the  wheels 
of  ordinary  yehioles,  which  Taried  considerablj  in 
gauge,  whilst  new  Fehioles  of  the  ordinary  kinds  were 
made  to  fit  the  tramwaj. 

Bat^  the  wide  tram-plate, 

or  step-rail,  incum  the  objec- 
tion that  it  does  not  afford 
a  good  foothold  for  horses, 
whether  harne^jsed  to  tram- 
cars  or  to  ordinary  vehicles. 


fell 


There  is,  bej^ides,  the  {j^eiieral 


objection  to  the  step  form  of 
r  the  surface,  in  which,  though 
j§  the  rise  may  never  exceed  an 
inch,  the  elevation  is  suffi- 
§  cient  to  cause  a  considerable 
I*  degree  of  inconyenience  to 
vehicles  crossing  the  rails  in 
an  oblique  direction,  in  strain- 
ing  the  wheels  or  the  axles. 
The  step-rail  possesses,  on 
the  contrary,  the  advantage 
over  the  grooved  rail,  that 
the  tlaii-j^e  of  the  car-wheel  is 
always  iVee,  as  there  is  no 
groove  tor  the  lodn^nu  iit  of 
obstructive  pebbles  and  mud, 
whilst  there  is  nothing  to 
seize  the  wheels  of  ordinary 
vehicles. 

The  step-rail  is  in  general  use  in  the  principal 
cities  of  the  United  States,  where  probably  there  is 
less  of  the  light  cab  and  omnibos  traffic  than  prevails 
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in  English  cities,  exposed  to  the  action  of  the  ob- 
nozions  step. 

The  stop-  rail  is  laid  in  the  tramways  of  Wash- 
ington, U.S.,  and  it  is  probably  the  form  of  rail  most 
generaJlj  adopted  for  tramways  in  the  United  States. 
Tramways  have  been  widely  extended  in  the  chief 
cities  of  the  Union.  In  the  State  of  New  York  alone, 
in  1875,  there  were  87  street-raihroad  companies, 
comprising  an  aggregate  length  of 433  miles  of  .tram- 
way open  for  traffic. 

The  gauijfe  of  tniimvay  mils  adopted,  for  the  most 
part,  in  the  United  States,  is  4  feet  8^  inches. 

The  tramway  system  of  Buenos  Ayres,  the  prin- 
cipal city  of  the  Argentine  Republic,  is  a  conspicuous 
example  of  the  beneficial  adoption  of  tramways  in 
towns.  There  were,  in  lb72,  in  operation  or  in  course 
of  construction,  about  70  miles  of  tramway  in  that 
city — a  greater  milesge,  probably,  in  proportion  to 
the  size  of  the  pltice,  which  contains  200,000  inhabit- 
ants, than  has  been  laid  in  any  other  city  in  the 
world.  The  extraordinary  development  of  the  system 
there,  is  attributable  in  a  great  measure  to  the 
comfort,  the  cheapness,  and  the  rapidity  of  tramway 
locomotion,  compared  with  the  previously  existing 
means  of  conveyance  in  carriages  or  omnibuses  over 
a  very  rough  kind  of  paving.  The  town  is  built,  like 
the  towns  and  cities  of  the  United  States,  in  square 
blocks,  the  streets  being  ttraight,  parallel,  and  at 
right  angles  to  each  other.  Almost  every  street  has 
its  line  of  tramway,  laid,  for  the  most  part,  on  Livesey's 
svstem,  to  be  afterwards  described.  The  ]>riiicipal 
lines  are  known  as  the  City,  the  Billii)<^'hur.st  (now 
the  Argentine),  the  Lacroze,  the  National,  the  Meu- 
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dez,  and  the  Southern  Tramways.  One  particular 
feature  which  added  to  the  cost  of  working  these 
tramways  was  the  necessity,  some  years  ago,  for 
having  '  trumpeters  ' — men  on  horseback,  who  ride 
in  advance  of  the  cars,  each  blowing  a  trumpet  to 
warn  off  carts  and  other  vehicles  from  the  track,  as 
well  as  to  prevent  collisions  at  the  intersectioDS  of 
the  streets,  an<^  further,  to  assist  in  dragging  out  of 
the  way  anj  heavily-laden  or  broken-down  vehicle 
obstraeting  the  line.' 

The  modem  tramway  was  introduced  in  England 
by  Mr.  6.  F.  Train,  who,  in  1857,  made  proposals  for 
laying  tramways,  on  the  system  originated  in  Phila- 
delphia, in  some  of  the  metropolitan  thoroughfares 
and  in  a  few  provincial  towns.  Mr.  Train  assorted 
with  himself  Mr.  James  Samuel,  C.E.,  but  they  failed 
in  their  object  of  obtaining  an  Act  of  Parliament, 
►which  was  applied  fur  in  1858,  mainl}'  through  the 
opposition  of  Sir  Benjamin  Hall,  Chief  Commissioner 
of  Works.  *  It  was  utterly  impossible,'  he  said,  '  that 
the  iron  rails  or  plates  upon  which  the  carriages  were 
to  run  could  be  laid  on  macadamised  roads,  for  in- 
stance, with  a  certainty  of  always  being  kept  on  pre- 
cisely the  same  level  as  the  road  ;  and  carriages  run- 
ning diagonally  against  the  plates  would  be  subjected 
to  have  their  wheels  torn  off,  and  most  serious  acci- 
dents would  result,  whatever  precautions  might  be 
taken.  Even  the  weather  would  at  times  effect  this.' ' 

<  Sir  Benjamin  Hall,'  says  Mr.  Train,  *  did  not 
meet  the  arguments  of  Mr.  Samuel,  except  by  preju- 
dice. Arguing  against  facts  is  difficult, and  over^riding 

*  Enginrt'i'iiuj,  May  17,  187:?,  paj?e  «iii2, 

*  Observer,  I'cbi  uary  21,  1666. 
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stubborn  truths  impossible.'  Sir  Benjamin,  neverthe- 
less, was  proved  to  be  in  the  ri<^'ht. 

In  default  of  better  authority,  Mr.  Train,  in 
March  1860,  applied  for,  and  in  May  of  the  same 
year  obtained,  permission  from  the  Commissioners  of 
Birkenhead  to  lay  down  his  tramway  in  this  town. 
In  April  he  patented  his  system. 

'  The  egg,'  Mr.  Train  said, '  will  shortly  be  chipped 
in  this  country  under  my  patent,  at  great  cost  and 
labour,  and  I  shall  endeavour  to  prevent  my  chicken 
(as  is  too  frequently  the  case  with  valuable  inyentions) 
from  becoming  somebody  else's  hen.' 


Fio.  16.  G.  F.  Tniin*B  tnmway  at  Bickenbrnd.  Seal*  ^ 

So,  the  first  of  his  lines  was  laid  in  the  macadam-  ^ 
ised  roads  of  Birkenhead,  and  was  opened  in  August 
1860,  within  five  nioiitlis  after  the  application  for 
leave  was  made.    It  is  illustrated  by  figs.  15  and  16. 


Fio.  1 6.  G.  F.  Train's  tramway  at  Birkenhead.  Section  of  raiL  Scale  ^. 

It  has  rolled  wrought-iron  step-rails,  weighing  about 
50  pounds  per  yard,  laid  to  a  gauge  of  4  feet  %\  inches. 
The  rails  were  6  inches  wide  and  inch  thick  in 
the  sole,  with  a  step  rising  }  inch  above  the  sole, 
and  a  fillet  at  each  edge  on  the  lower  side.  They 
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were  bedded  on  and  spiked  to  longitudinal  timber 
sleepers,  6  inches  wide  and  8  inches  deep,  which  were 
let  into  and  rested  on  transverse  sleepers,  and  were 
spiked  to  them  with  one  iron  knee  to  each. 

Short  lines,  similarly,  were,  by  the  permission  of 
the  local  anthorities,  laid  down  in  London  by  Mr. 
Train  and  his  friends  in  1861 : — ^in  Bayswater  Boad, 
between  the  Marble  Arch  and  Netting  Hill  Gate,  in 
Westminster,  and  in  Kenning^n  Boad.  In  1863,  a 
line  1}  miles  in  length  was  laid  by  Mr.  Train,  and 
opened,  in  the  Potteries  district,  for  the  Stafford- 
shire Potteries  Street  Railway  Company,  between 
Burslem  iiiul  Hanley.  After  a  brief  experience  of  the 
inconveniences  of  the  step-rail,  Mr.  Train's  lines  laid 
in  London  wore  removed,  whilst  the  Birkenhead 
tramway  and  the  Potteries  tramway  were  only  saved 
from  extinction  by  the  timely  substitution  of  flat 
grooved  rails  for  the  step-rails.  The  grooves  in  the 
new  rails  were  sufficiently  roomy  to  afford  free  play 
for  the  flanges  of  the  wheels,  at  the  same  time 
that  they  were  sufficiently  narrow  to  prevent  the 
wheels  of  common -road  vehicles  from  entering 
them. 

On  streets  and  roads  being  in  comparatively  good 
condition,  with  cabs  and  omnibuses  in  common 
use,  great  numbers  of  which  were  available  for 

general  circulation  at  reasonable  fares,  the  need  for 

tramway  accommodation  was  less  urgent  in  England 
than  elsewhere.  The  advocates  of  tramways,  dis- 
couraged by  the  sensational  failures  of  the  first  trani- 
Wcays,  retired  for  a  time.  Mr.  Bercsford  Hope  said, 
*  I  have  often  been  button-holed  in  society  about 
it,  and  I  should  say  that  the  general  population  of 
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London  ^look  upon  the  extension  of  tramways  with 
dislike,  and  with  apprehension.' 

In  fine,  the  career  of  the  step-rail  tramway  was 
ended.  However  it  may  have  been  tolerated  in 
America,  it  was  hated  in  England ;  and  only  after 
an  inter?al  of  some  years — in  1865  and  1866 — was 
the  movement  for  the  construction  of  tramways  re- 
vived. 

It  mast  be  noted,  however^  that,  obviating  the 
vice  of  the  step-rail,  flat  rails  were  laid  in  Salford, 
on  Mr.  John  Haworth's  system,  about  the  year  1862, 
consisting  of  two  parallel  lines  of  smooth  iron  plates, 
6  inches  wide  and  \  inch  thick,  and  a  central  grooved 
rail,  similar  in  section  to  an  inverted  bridge-rai). 
These  rails  were  laid  upon  and  screwed  down  to 
longitudinal  timber  sleepers,  and  finished  flush  with 
the  surface  of  the  pavement.  Whilst  the  wheels  of 
the  vehicle  rolled  freely  over  the  tram-plates,  a  small 
guide-wheel,  having  a  central  flange,  ran  upon  the 
central  rail.  The  guide-wheel  was  hung  from  the 
Iront  of  the  ordinary  omnibus,  and  was  raised  or 
depressed  at  will  by  the  driver.  This  triple-rail 
system,  known  as  the  'on-and-off'  system,  was  in 
operation  for  upwards  of  eight  years;  but  it  was  too 
weak,  insomuch  that  it  worked  loose  at  the  joints,  and 
the  ends  occasionally  opened  up,  making  dangerous 
footing  for  the  horses.  Besides,  it  was  open  to  the 
objection  of  slipperiness,  and  the  episodical  tramway 
was  eventually  removed. 


CHAPIEfi  IL 


JCODE&N  TEAMWAY8   IN    THE    UNITED  KINGDOM — THE 
FIB8T  LIYS&POOL  TRAMWAY. 

Ih  November  1865,  a  show  piece  of  tramway  was 
laid  in  Castle  Street,  Liverpool,  with  the  '  crescent 
rail,*  as  in  fig.  17,  designed  by  Mr.  J.  Noble,  on 


Fio.  17.  Greseent  rail,  by  Mr.  J.  Noble.  Seala  |. 

which  great  expectations  were  based.  The  crescent 
raily  which  was  certainlj  flat  enough  and  nnassiim- 
ing  enough,  had  been  employed  in  the  oonstniotion 
of  tramways  in  the  United  States,  and,  as  it  lay 
perfectly  level  with  the  pavement  of  the  street,  it 
was  hailed  by  its  admirers  as  a  satisfieMstory  solution 
of  the  problem  of  a  non-obstmctive  street  railway. 
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The  rails  were  laid  on  and  screwed  down  to  longitu- 
dinal bearers,  which  rested  on  cross  sleepers.  A  small 
groove,  or  slit  opening,  was  left  in  the  pavement,  to 
dear  the  flanges  of  the  wheels.  The  provision  thos 
made  for  clearing  wheel-flanges  was  insoffioient,  and 
it  was  necessary  in  practice  to  employ  special  appli- 
ances for  sweeping  the  groove  clear  of  obstmotive 
matter,  whilst  the  tractive  resistance  must  have  fre- 
qaently  been  ezcessive.  Besides,  the  unprotected 
edges  of  the  paving  were  liable  to  breakage.  Mr. 
Noble's  system  was  finally  abandoned,  though  it 
formed  part  of  tlie  orifrinal  scheme  of  the  Liverpool 
tramways ;  and  the  sample  line  did  good  service  in 
allaying  the  apprehensions  of  the  timid,  and  in 
silencing  the  objections  of  the  fastidious.  The 
sample  piece  was  removed  after  it  had  lain  four  years 
in  Castle  Street.  The  type  of  rail  finally  adopted 
for  Liverpool)  was  formed  with  a  flat  level  surface, 
having  a  narrow  groove  to  receive  and  guide  the 
wheel-flanges. 

In  1866  and  1867,  application  was  made  to  Par- 
liament for  power  to  construct  a  system  of  tramways 
in  Liverpool,  for  which  an  Act  was  obtained  in  18618. 
This  was  the  first  English  system  of  tramways  for 
passenger  traffic  that  was  authorised  by  Act  of  Par- 
liament. The  works  were  constructed  by  Messrs. 
Fisher  &  Parrish,  of  Philadelphia,  under  Mr.  George 
Hopkins  as  engineer-in-chief,  and  were  commenced 
in  May  1869.  The  South  Line,  from  the  Exchange 
to  Dingle,  miles  560  yards  in  length,  was  opened 
•on  November  1,  1869.  The  North  Line,  from  Old 
Haymarket  to  Spillow  Lane  and  Whitechapel  Street, 
2  miles  700  yards  long,  was  opened  on  September  1, 
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1870 ;  and  the  line  on  Aigburth  Road,  which  has 
since  been  lemoved,  1  mile  260  yards  long,  was 
opened  a  year  later,  on  September  1,  1871.  Thus 
the  total  aathorised  length  of  tramway,  or  of  streets 
traversed  bj  tramwaysy  amoonied  to  6  miles  1520 
jards^  and  it  was  consbiioted  in  the  space  of  about 
two  years  and  three  months.  The  existing  system 
is  abont  5}  miles  in  length,  thas : — 


The  system  is  like  a  Catharine  wheel :  it  consists 
of  an  inner  circle,  a  mile  and  a  quarter  long,  from 
which  two  lines  fly  off'.  The  inner  circle  is  always 
worked  in  one  direction,  and  then  the  carriages 
shoot  off  to  the  north. 

The  gauge  of  the  Liverpool  tramways  waa  deter- 
mined to  be  4  feet  8^  inches — the  same  as  the  national 
railway  gauge.  But  it  was  not  fixed  at  that  width 
with  any  view  to  a  possible  commomcation  with  rail- 
ways. As  a  matter  of  &et,  railway  waggons  cannot 
run  oyer  the  ordinary  groove-rails  of  tramways  laid 
to  the  railway  gauge.  The  gauge  of  4  feet  8^  inches 
was  introduced  in  the  Act^  because,  when  the  pro- 
moters first  applied  to  Parliament,  they  were  obliged 
to  apply  as  for  a  '  railway,'  since  the  word  *  tram- 
way '  was  not  to  be  found  in  the  standing  orders,  and 
they  were  under  the  necessity  of  accepting  the  only 
gauge  allowed  for  railways. 

The  form  of  the  rails  adopted  in  the  original 
construction  of  the  Liverpool  tramways,  was  of  a  Hat 


MilM.  Yards. 


Sing^line 
BouUeline 


2  830 
8  680 


Totel 


8  1,480 
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grooved  section,  such  as  had  been  found  to  an- 
swer satisfactorily  at  Biikenhead,  though  narrower  : 
weighing  40  pounds  per  yard,  about  1  inch  in  thick- 
ness, and  having  a  s^tional  area  of  about  4  square 
inches.  Bails  of  similar  but  Iwrger  section  were 
afterwards  employed,  weighing  45  pounds  per  yard, 
shown  in  fig.  18.  The  rail  was  little  else  than  a  flat 
bar,  having  a  narrow  and  shallow  groove  in  its  upper 
surfiuse,  with  a  fillet  on  the  lower  side,  and  bedded 
on  a  longitudinal  sleeper.  The  rail  was  4  inches  wide 
and  inches  in  thickness  The  groove  was  formed 
with  sloping  sides,  and  was  \  inch  in  depth,  with  a 


Fio.  18.  Early  Liverpool  Mil.    Scftle  \. 


width  of  f  inch  at  the  bottom,  and  double  this  width 
at  the  surfim  of  the  rail.  The  tread,  or  rolling  sur- 
&ce,  for  the  wheels,  had  a  width  of  about  2  inches, 
when,  of  course,  the  inner  edge  of  the  tread  was  at 
the  half-width  of  the  rail ;  whilst  the  ledge  on  the 
other  side  of  the  groove  was  about  \  inch  wide  at  the 
surface,  and  was  corrugated  transversely,  to  prevent 
slipperiness  for  horses.  The  rails  were  bedded  on  tim- 
ber sleepers,  4  inches  wide  and  6  inches  in  depth,  and 
were  fished  with  J-incli  wrought-iron  plates,  12  inches 
long  and  4  inches  wide,  applied  below  the  joint,  let 
flush  into  the  upper  side  of  the  sleeper,  as  shown  in 
fig.  20.   The  joint  was  fixed  with  four  vertical  spikes. 
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two  to  each  rail,  driven  tbrougli  tlie  mils,  at  the 
bottom  of  the  groove,  and  the  fish-plate,  into  the 

|.      sleeper.    The  rails  were 
jg^i^  also  spiked  at  intervals  to 

the  sleepers.  The  heads  of 
t      |*f^igj^(  spikes  were  counter- 

snnky  and  let  into  the  rails 
to  finish  flush  with  the 
^^Wk  ?  botfcomof  the  groove.  The 
combined  sleeper  and  rail 
thns  presented,  for  the 
most  part,  a  vertical  siir- 
\  ff  ^         *  each  side,  against 

which  paving-stones  could 
be  closely  and  evenly  laid 
•v-M  5  and  jointed.  The  construc- 
.  tion  of  the  way  is  shown 
%.  in  cross  section  by  fig.  19. 
I  To  render  the  way  inde- 
^  pendent  for  support,  on 
uncertain  or  on  broken 
gronndy  the  roadway  was 
excavated  to  a  depth  of 
£  14^  inches  for  the  whole 
^  width,  and  a  continnons 
bed    of    lime  -  concrete, 
1^  7  inches  thick,  was  laid 
■•'•^v       for  the  whole  width  of 
the  track,  as  a  foundation, 
upon  which  the  sleepers 
were  placed.    The  inter- 
spaces between  the  sleepers 
were  filled  np  with  concrete  to  the  right  level  for 
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sapportmg  4-mch  cubes.  The  sleepers  weie  laid 
in  and  spiked  to  cast-iron  clip-ohairs,  figs.  20,  21, 
which  were  placed  about  4  feet  apart  longitudinally, 
and  rested  dicect  on  the  oonciete  foundation.  The 


Fio.  20.  First  lavorpool  tramway.   Section  of  rail  and  sleeper,  showiur 
catt-iron  ehair  and  flah-joint.  Scale  \.  ^ 


FlO.  21.  First  Liverpool  tramway  :-Cast-iron  chuir  for  lomritndiiua 
sleepttTs,  and  cross  tie-bar.   Scale  ^. 

gauge  of  the  rails  was  fixed  bj  bar-iron  cross-ties, 
li  inches  deep  by  f  inch  thick,  the  ends  of  which  were 
dovetailed  into  grooves  cast  in  the  inner  sides  of  the 
chair.s.  The  chairs  were  6  inches  wide  at  the  joints  of 
the  sleepers,  and  3  inches  intermediately.   The  road- 
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way  was  nearly  all  of  macadam,  and  the  materialfi 

for  the  concrete  were  taken  from  the  macadam 
which  was  lifted  to  make  room  for  the  line,  riddled, 
cleaned,  and  mixed  with  blae-liae  lime ;  whikt  the 
whole  of  the  sor&ce  between  the  rails,  and  for  a 
width  of  18  inches  beyond  the  outer  sides  of  the  rails, 
was  paved  with  Welsh  granite  sets— 4-inch  cubes 
between  the  rails,  and  sets  of  6  inches  in  depth  for 
the  outer  18-inch  spaces.  The  outer  width,  18  inches, 
was  provided  in  the  Act,  and  it  defined  the  marginal 
boundaries  of  the  breadtli  of  roadway  to  bo  main- 
tained by  the  tniinway  company.  That  width  was, 
and  is  now,  accepted  as  a  fair  compromise  ;  and,  says 
Mr.  J.  Morris,  '  it  does  fairly  represent  tlie  extent  of 
possible  injury  even  which  the  tramway  can  do  to 
the  road,  and  it  is  accepted  universally  on  the  Conti- 
nent, and  ahnost  universally  in  America,  and  is  the 
recognised  standard.'  * 

The  18-inch  width  of  margin  is  both  necessary 
and  sufficient  for  maintaining  the  stability  of  the 
line,  when  it  is  laid  in  a  non-paved  or  macadamised 
street,  and  for  affi>rding  a  foothold  for  the  tram- 
horses  when  they  traverse  the  rails.  '  I  remember,' 
says  Mr.  Hopkins, '  that  our  first  Bills  were  intro- 
duced with  9  inches  onlv  outside  the  rails,  but  the 
width  was  increased  to  18  inches  in  Committee.'* 

Where  the  lines  of  tramway  were  double,  in 
Liverpool,  they  were  laid  at  a  clear  distance,  apart, 
of  4  feet  between  the  rails,  giving  a  *  four-foot,* 
corresponding  to  the  *  six-foot '  of  railways. 


he  gradients  of  the  Liverpool  lines  of  tramway 


^  Mepoii  of  the  Sehet  OmmiUee  on  Tramway  SOI,  1870. 
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are  various.  Liverpool  is  a  verj  hilly  town.  The 
maiimiim  gradient  is  1  in  19. 

The  practice  initiated  at  Liverpool  has  ruled 
the  general  dispositions  of  tramways  in  other  parts 
of  the  country. 

In  1869,  the  North  Metropolitan  Tramways  Com- 
pany were  authorised  to  lay  tramways  on  the  White- 
chapel,  Mile  End,  and  Bow  Road  ;  and,  in  1870,  they 
were  empowered  to  lay  extensions  to  Aldnrate,  at  the 
west  end,  and  to  Stratford,  Leytonstone,  and  Bromley, 
at  the  east  end.  In  1871,  they  obtained  additional 
powers  to  lay  tramways  in  the  north  and  east  of 
London,  which  made  a  total  of  80^  miles  of  tram- 
way authorised  to  that  company. 

In  1869,  also,  Acts  were  passed  for  the  oonstmo- 
tion  of  the  Kennington^  Brixton,  and  CSlapham  rontes, 
from  Westminster  Bead,  by  the  Metropolitan  Street 
Tramway  Company ;  and  the  routes  from  Fimlico,  by 
Yanxhall,  to  Greenwich,  by  the  Pimlico,  Peckham, 
and  Greenwich  Tramway  Company.  l%ese  two 
companies  were,  by  their  Acts,  empowered  to  con- 
struct and  work  tramways  in  nearly  all  the  main 
metropolitan  thoroughfares  on  the  south  side  of  the 
Thames,  comprisinp:  twenty-five  miles  of  streets. 
They  were  amalgamated,  in  the  end  of  1870,  as  the 
London  Tramways  Company. 

In  1870,  the  London  Street  Tramways  Company 
were  authorised  to  lay  tramways  on  the  north  side  of 
London,  from  Lower  HoUoway  to  the  south  end  of 
Hampstead  Bead,  and  from  Kentish  Town  to  King's 
Cross. 

In  the  beginning  of  1878,  forty-two  miles  of 
tramway  had  been  opened  in  the  streets  of  the  Me- 
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tropolis ;  the  length  was  increased  to  sixty-one  miles 
in  1876.  Under  the  stimulus  afforded  by  the  rapid 
spread  and  successful  operntion  of  the  several  systems 
at  work.  Acts  were  applied  for  and  obtained,  autho- 
rising the  laying  of  tramways  in  many  cities  and 
towns  in  the  provinces : — 

In  1868  an  Act  was  passed  for  1  tramway. 
1800  Aists  wen  passed  for  8  tramwajfs. 
1870  n     n      7  „ 

1®71        n      ft      n       7  „ 

1872  „      „      „     16  „ 

1873  „      „      »      10  „ 

1874  „       „      „       6  „ 


1875        „      „      „  7 


These,  and  other  tramways  of  earlier  date,  are 
recited  in  the  annexed  table.  The  lengths  of  line, 
single  and  double,  authorised  and  opened  to  the 
pnblic,*  are  added. 

The  totsl  lengths  of  streets  trarersed  by  tram- 
ways, in  the  United  Kingdom,  at  Jane  80,  1876, 
were  as  follows : — 


England  and  Wales  ....  182*22 

Scotland  41-30 

Ireland  2600 


Total    .      .      .  10801 


*  Partly  abstracted  from  the  Tramwa!f§  Sdum,  1877. 
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TBAMWAfS. 

Ststbmb  of  tramway,  like  those  of  LiTerpool,  were 
adopted  in  the  cons^etion  of  the  earlier  portiomi  of 
the  tramways  which  were  laid  in  London,  nnder  Mr. 
George  Hopkins,  as  engineer : — ^the  greater  part  of 
the  North  Metropolitan  Tramways,  of  which  the  first 
section,  from  "Whitechapel  to  Bow,  was  opened  in 
May,  1870;  and  the  original  Metropolitan  Street 
Tramway  (now  a  part  of  the  system  of  the  London 
Tra  mways  Company),  5{  miles  long, from  Westminst<}r 
Bridge  to  Brixton  Church,  Stockwell,  Clapham  Com- 


Fw.  22.  North  H«tiopoliUn  Tramwav  and  London  Tramvajt. 

Firat  Uneo.  Scale  ^ 

mon»  and  Brixton  Hill — also  opened  in  1870.  The  rails 
were  of  the  form  and  section  of  the  Liyerpool  rail, 
4  inches  wide,  and  1|  inches  thick,  weighing  45  ponnds 
per  yard.  The  system  of  constmction,  shown  in 
fig.  22,  was  similar  to  that  at  Liyerpool.    The  stone 
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pavement,  or  the  macadam  of  the  street,  was  taken 
oat  for  a  width  sufficient  for  a  double  line,  or  a  single 
line  of  tramway,  as  the  case  might  be,  including  a 
clear  space,  2  feet  wide,  beyond  the  outermost  rails ; 
and  for  a  depth  of  about  9  inches,  which  was  the  depth 
of  ordinary  sets  in  the  Metropolis.  In  the  open  ground, 
fhns  exposed,  longitudinal  trenches,  ahout  9  inches 
deep  and  16  inches  wide,  were  excavated,  correiqDond- 
ing  to  the  position  of  the  nula  and  the  longitudinal 
sleepers  hj  which  thej  were  to  he  supported.  These 
trenches  were  filled  with  concrete  made  with  Port- 
land cement^  or  with  hydraulic  lime,  mixed  with  river 
ballast,  and  made  up  to  the  level  of  the  excavated 
ground,  to  form  longitudinal  foundations  for  the  rails. 
The  sleepers,  4  inches  wide  and  G  inches  deep,  were  laid 
in  cast-iron  clip-chairs,  by  means  of  which,  with  bar- 
iron  cross-ties,  dovetailed  at  the  ends,  the  gauge 
was  maintained.  The  rails  were  spiked  to  the 
sleepers  by  vertical  spikes  through  the  grooves,  with 
countersunk  heads,  and  the  structure  was  levelled  up 
bj  concrete,  packed  under  the  sleepers.  The  whole 
area  was  then  filled  up  with  concrete,  between  and 
outside  the  sleepers,  to  the  level  necessary  to  form  a 
foundation  for  the  paving  stones,  and  these  were 
bedded  on  a  layer  of  sand,  and  grouted  and  rammed. 

The  dovetailed  tie-bars  proved  to  be  of  very  little 
use ;  they  were  liable  to  rust  away,  and  were  wanting 
in  precision,  for  unless  the  dovetailings  had  been 
tightly  and  exactly  fitted,  so  that  the  chairs  would 
have  been  prevented  from  shifting,  either  inwards  or 
outwards,  the  transverse  connection  was  not  sufficient 
to  niiiiiitain  the  rails,  when  the  support  afforded  by 
the  pavement  was  removed  or  impaired.  Besides, 
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tie-bars  placed  between  the  paving  sets  are  in  tlie 
way,  and  interfere  with  the  convenience  for  paving. 
Again,  tie-bars  laid  in  dovetails  in  brackets,  like 
those  just  described,  work  gradually  to  the  surface, 
and  even  above  the  level  of  the  paving.  In  such  a 
contingency  they  are  lemoTed,  which  is  the  best 
thing  to  be  done. 

Moreover,  the  flat  rail  and  the  vertical  spike  or 
bolt-fiwtening  made  a  defective  oombinatioii.  It  is 
scarcely  necessary  to  say  that,  at  best^  the  form  of 
the  flat  rail  combined  the  maximum  of  material  with 
the  minimum  of  strength  and  stiffiiess,  whilst  the 
vertical  spike-fastening,  fhongh  it  is  simple,  and  ap- 
pears at  first  sight  to  have  been  happily  devised,  is  de- 
ficient in  strength  and  in  durability,  and  contributes 
nearly  nothing  towards  the  union  of  the  rail  with  the 
sleeper.  The  rail,  especially  at  the  joints,  is  liable 
to  spring,  and  the  spikes  with  their  shallow  coun- 
tersunk heads  and  limited  bearing  surface,  are 
liable  to  yield  and  to  wear ;  the  spikes  in  consequence 
are  gradually  loosened,  and  the  heads  are  lifted,  and 
torn  or  broken  ofL  The  spike-heads  are  further  ex- 
posed to  damage  from  the  wheel-flanges,  which,  like 
the  rail,  became  worn,  ground  in  the  groove,  and 
occasionally  split  the  rail. 

Wherever  there  is  vertical  movement,  of  course, 
an  entry  for  water  is  made,  pnmping  action  ensues, 
and  rain-water  alternately  sinks  through  the  spike- 
holes  and  by  the  sides  of  the  rails,  and  rises  to  the 
surface  laden  with  sand  and  other  detritus.  The 
rails  and  sleepers  are  gradually  undermined,  the 
sleepers  are  deformed  by  blows,  and  the  vertical  insta- 
bility is  by  so  much  increased. 
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With  a  view  to  ameliorate  the  difficulties  of  the 
Tertdcal  fastening,  as  well  as  to  provide  an  iron  tie 
of  a  substantial  character  in  place  of  the  delicate 
dovetails,  Mr.  Joseph  Kincaid,  as  engineer,  em- 
ployed transverse  sleepers  in  the  construction  of  the 
PimlicOy  Peckham,  and  Greenwich  section  of  the 
London  Tramwajs,  opened  in  Angost,  1871.  Trans- 
Terse  sleepers,  fig.  23,  were  placed  in  the  bottom  of 
the  exoaTation,  to  afford  an  increase  of  beaiiDg  snr- 
ikoe  on  the  ground,  and  to  zeceiTe  tlie  longitudinal 
sleepers  which  were  placed  upon  them.  The  transTerse 
sleepers,  which  were  placed  at  intervals  of  5  or  6  feet, 


Fi0. 29.  Pimlioo^  Peekham,  and  Onenwieli  Metioa  of  Lndoii  Tvam- 

imys.  Scale 

also  afforded  a  substantial  means  of  tyin^  the  longitu- 
dinal sleepers  to  the  gauge.  Instead  of  attachments 
in  tension,  like  those  of  the  dovetail  bars,  cast^-iron 
brackets,  two  to  each  cross  sleeper,  were  employed 
as  abutments,  one  bracket  outside  each  longitudinal 
sleeper,  to  which  the  brackets  were  spiked.  The 
brackets  were  spiked  to  the  longitudinal  deepers  near 
to  their  lower  snr&ces,  whilst  they  were  extended 
the  sides  of  the  sleepers  to  affbrd  a  direct,  or  at  least 
nearly  direct,  resistance  to  centrifugal  stress.  By 
this  combination,  the  indirectness  of  the  sleeper,  as 
opposed  to  lateral  stress  above,  was  liberally  com- 
pensated by  the  general  stiflbess  of  the  structure. 
An  additional  illlei  was  applied  to  the  under  sur- 

D 
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face  of  the  rail,  fig.  24^  at  theoatBide^sothatnowthe 
rail  was  formed  with  twofiIlet8,oneateach  side,  that 
it  might  be  more  firmly  bedded  on  the  sleeper  than  the 

rail  having  only  one  fillet.   It  was  found  necessary 

not  only  to  provide,  by  the  inside  fillet,  the  means  of 
resistance  to  the  lateral  stress  of  the  cars  through 
the  fianges  of  their  wheels  ;  but,  likewise,  means  of 
opposing  the  lateral  action  of  cross  strokes  from  the 
wheels  of  common  road  vehicles,  which  traversed 
the  road  in  all  directions.  Hence  the  addition  of 
the  second  fillet,  at  the  outer  side  of  the  rails.  The 
longitudinal  sleepers  wexe  carefully  rebated  to  receive 


Ito,  24.  London  Tkunnign.  Seedon  of  raiL  ScaU  i. 

the  rails,  which  were  fixed  to  them,  as  before,  with 
vertical  spikes  through  the  groove.  The  adoption 
of  the  double  fillet,  though,  in  fact,  a  reversion  to 
old-established  American  practice,  constituted  an 
intelligent  advance  in  English  practice  with  the 
grooved  raiL 

The  wearing  surface  of  the  rail  was  slightly 
rounded  transversely,  having  about  ^"^^  ^^^e,  by 
which  the  thickness  was  increased  to  l-j^^  inches, 
though  the  motive  for  rounding  is  not  obvious.  The 
groove  vms  made  vrider  than  before,  being  1|  inches 
at  the  surface;  and  it  vras  rounded  at  the  bottom 
to  a  circular  form,  thus  at  the  same  time  slirength- 
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ening  the  rail  by  the  substitution  of  a  round  for  a 
flat  contour  for  the  grooves,  and  facilitating  the  dis- 
lodging of  detritus.  The  splay  of  the  outer  side  of 
the  groove  was,  at  the  same  time,  slightly  greater 
than  in  the  previous  rail.  The  new  rail  was  4  inches 
wide,  had  a  sectional  area  of  4J  square  incheB,  and 
weighed  48  pounds  per  yard. 

For  laying  in  the  foundation,  the  surface  of  the 
roadways  was  removed,  and  the  ground  was  ex- 
cavated to  a  depth  of  isom  12  inches  to  14  inches,  to 
receive  the  cross  sleepers.  After  the  longitudinal 
sleepers  were  laid  and  fixed,  with  the  rails  complete, 
ih^  were  brought  up  to  the  required  level  by  con- 
crete packing  below  the  cross  sleepers;  then  the 
whole  space  was  filled  with  lime  concrete  to  the 
height  necessary  for  receiving  the  pavement  of  stone, 
or  of  asphalte,  whichever  was  to  be  laid,  for,  in  some 
parts  of  the  way,  asphalte  was  used  instead  of  granite 
for  paving.  For  asphalte,  the  concrete  was  required 
to  be  brouglit  up  higher  than  for  stone,  since  it  was 
only  1^  to  2  inches  doep,  whilst  stone  was  6  or  7  inches 
deep ;  and  the  total  cost  of  construction  was  greater 
for  asphalte.  Much  was  hoped  for  from  asphalte  as 
a  pavement  for  tramways.  Experience  has  not  con- 
firmed such  expectations.  Asphalte  pavement  breaks 
away  at  the  borders  next  the  rail,  as  well  as  at  the 
outside;  and  it  must  be  admitted  that  as  a  foothold 
for  horses,  in  starting  the  cars,  it  has  been  a  dead 
fiulure. 

Mr.  Kincaid,  having,  in  the  Peckham  Tramway, 
proved  the  advantage  of  the  cross  sleeper,  as  a  usefixl 
element  in  a  timber  structure,  employed  it  in  the  con- 
struction of  the  first  section  of  the  Leeds  Tramways — 
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the  line  to  Headingloy — which  was  opened  in  October 
1872.  The  gauge  was  4  feet  8  J  inches.  The  ground 
was  excavated  to  a  depth  of  7^  inches — the  depth 
of  the  rail  pins  that  of  the  loogitndiiial  sleepers — 
for  the  whole  width  of  the  way;  and  trenches  about 
9  inches  wide,  were  cot  in  the  ezcayated  bottom, 
and  filled  with  concrete,  flush  with  the  bottom, 
to  carry  the  sleepers.  The  cross  sleepers,  6  inches 
wide  and  4  inches  deep,  ^ere  laid  in  the  concrete 
of  the  transverse  trenches,  about  3  feet  apart,  flush 
with  tlie  surface  ;  and  thus  a  continuous  level  found- 
ation was  formed  for  the  longitudinal  sleepers  and 
the  rails.  The  longitudinals,  4  inches  wide  and 
6  inches  deep,  were  fixed  to  the  transverse  sleepers  by 
cast-iron  l)rackets,  one  on  each  side  of  each  longitu- 
dinal sleeper,  spiked  to  both  timbers.  The  rails,  weigh- 
ing 47^  pounds  per  yard,  were  flat-grooved,  4  inches 
wide  and  1^  inches  thick,  with  two  ^-inch  square  fillets 
on  the  underside,  let  into  the  sleepers;  they  were 
spiked  through  the  groove  to  the  sleeper.  A  bedding 
of  fbrnace  ash  or  dinkers,  2^  inches  thick,  was  laid 
over  the  bottom,  on  which  paving  sets,  5  inches  deep, 
were  laid. 

On  this  system,  an  economy  of  excavation,  as  well 
as  an  economy  of  concrete,  was  effiscted,  by  employ- 
ing concrete  for  the  support  of  the  sleepers  exclusively. 

By  the  interposition  of  a  bed  of  ashes  laid  uniformly 

over  the  whole  surface,  it  was  desi<^ned  that  the 
paving  should  rest  equally  over  the  sleepers  and  the 
direct  excavated  surface. 
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THB  0LA8G0V  OOEPOBATION  TRAXWATB. 

As  Act  of  Parliament  was  passed  in  1870,  for  the 

construction  of  *  The  Glasgow  Street  Tramways,'  by 
a  private  company.  The  powers  conferred  by  the 
Act  were,  in  the  same  year,  transferred  to  the 
Corporation  of  Glasgow,  by  whom,  accordingly,  the 
tramways  of  Glasgow  have  been  constracted. 

In  designing  the  first  tramway,  the  engineers, 
Messrs.  Johns  tones  &  iBankine,  developed  the 
application  of  the  transverse  sleeper  for  giving 
bearing  snrfiuM  and  for  strength.  They  adopted  a 
modified  form  of  the  old  flat-groored  ndli  in  combi- 
nation with  longitudinal  and  transyerse  sleepers,  and 
bituminous  concrete,  and  prodaced  a  stractare  which 
soipassed  all  others  that  had  pvevionsly  been  laid  for 
tramways,  in  strengtli  and  soliditgr.  The  system  of 
constmction  is  illnstrated  b}  fig.  25.  It  was  adopted 
for  the  first  contract,  which  was  entered  into  in 
September  1871.  The  first  portion  of  the  line  made 
under  the  contract  was  2  miles  300  yards,  and 
was  opened  in  August  1872.  By  the  end  of  the 
year  1872,  9  miles  of  tramway  were  completed  and 
opened,  and  the  whole  of  the  tramways  executed 
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under  the  first  contract,  passing  over  9|  miles  of 
streets,  were  completed  in  June  1873. 

In  designing  the  rail,  a  single  broad  fillet,  on  the 
lower  side,  under  the  groove,  was  substituted  for  the 
pair  of  lateral  fillets  employed  in  other  rails  made  at 
that  time.  The  fillet  was  let  into  the  longitudinal 
sleepers,  and,  besides  providing  the  needful  lateral 
resistance  at  either  side,  it  aided  in  strengthening 
the  rail  at  the  weakest  part  of  the  section — under 


Fio.  26.  Glasgow  Corporation  Tramways: — First  system.    Scale  |. 

the  groove — whilst  it  aflfbrded  a  deeper  bearing  for 
the  countersunk  heads  of  the  vertical  bolts  employed 
for  fixing  the  rail  to  the  sleeper.  The  longitudinal 
sleepers  rest  in  cast-iron  chairs  formed  with  broad 
Boles,  spiked  to  transverse  wood  sleepers  laid  in  con- 
crete. The  bolt,  having  a  slotted  head,  was  screwed 
into  a  nut  with  a  washer  at  the  underside  of  the 
longitudinal  sleeper,  and  a  hasp  was  applied  to  pre- 
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Tent  the  nut  from  turning  when  the  bolt  was  required 
to  be  tightened  up.  Bat  the  hasp  was  abandoned 
alter  the  constraction  of  the  first  section. 

The  works  nnder  this  contract  were  as  follows, 
being  doable  way,  except  1,110  yards,  or  aboat  two- 
thirds  of  a  mile,  which  were  single  waj : — 

MOM.  Taidi. 

No.  1  Tramway. — W'hiteinch,  via  Partick 

and  Trongate,  to  Bridj^^etou       .     5  128 

No.  2  Tramway. — Great  'V\  extern  Road, 
ml  Sanehiehall  Streol^  Bonfield 
Street,  Jamaica'  Street  to  Port 
EglintoD   8  967 

No.  8  Tramway. — Junetion  of  the  Ist  and 

2nd  Tramwaye,  vmI  Derby  Street    1  78 


(9}imles)  9  1,178 

The  gaage  of  the  rails^  according  to  the  Act  of 
1870,  was  required  to  be  eqaal  to  the  railway  gauge, 
4  feet  8}  inches.  Bat  a  new  element  was  introdaced 
by  the  Act  passed  in  1871  for  the  Yale  of  Clyde 
TVamways,  according  to  which  their  lines  were  to  be 
constructed  fur  the  transit  of  railway  rolling  stock  ; 
and  it  was  further  provided  that  the  Corporation 
should,  if  they  thought  fit,  construct  the  Glasgow 
tramways  to  the  same  gaui^o  as  that  of  the  Vale  of 
Clyde  lines,  to  secure  a  uniformity  of  gauge  through- 
out the  Glasgow  district.  It  behoved  the  authorities, 
therefore,  to  look  in  advance  ;  and  while  the  contract 
for  the  first  portion  of  the  tramways  was  being  drawn 
up,  in  1871,  it  occurred  to  the  engineers  that,  in 
order  to  give  passage  to  railway  waggons^  the  Tale 
of  Clyde  lines,  and  therefore  also  those  of  tiie  Corpo- 
ration, if  the  gauges  were  to  be  uniform,  must  be 
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less  than  the  normal  standard  gauge ;  for — what  is 
strange  at  first  sight — the  gauge  of  4  feet  8J  inches 
in  a  grooved  rail  does  not  answer  for  railway  waggons. 
The  reason  becomes  apparent  when  it  is  considered 
that  the  groove  is  not  wide  enough  to  clear  the  backs 
of  the  tyres.  These  are  never  less  than  4  feet 
h\  inches  apart^  a  width  which  is  3  inches  less  tlian 
the  normal  gauge,  equivalent  to  \^  inches  at  each 
rail.  Bat^  as  the  width  of  the  grooTe  in  the  tram- 
mil  is  oommonlj  limited  to  1^  inches,  or,  at  the  most, 
to  1^  inches,  the  flanges  of  waggons,  obnonslj,  could 
not  enter  at  alL 

A  eorre'qpondence  was,  therefoxey  instituted  bj 
Messrs.  Johnstones  &  Bankine,  in  September  1871, 
with  a  Tiew  to  the  establishment  of  a  uniform  gauge 
at  the  outset,  as  a  standard  for  all  the  tramways  in 
process  of  construction,  or  to  be  constructed,  in  or 
near  Glasgow:  such  that,  whilst  the  gauge  should 
be  continuous  throughout  the  whole  of  the  group,  it 
should  be  adapted  for  the  transit  of  railway  vehicles. 
Messrs.  Johnstones  &  Rankino  proposed  to  contract 
the  gauge  from  the  ordinary'  width,  by  three  quarters 
of  an  inch,  to  4  feet  7^  inches,  maintaining  the 
minimum  width  of  groove,  alreadj  adopted  by  them, 
1^  inches.  By  this  compromise,  they  wotdd  shift 
inwards  the  inner  sides  of  the  grooves  of  the  two 
rails  for  each  line,  to  the  distance  apart  of  4  feet 
7^  inches  minus  twice  1^  inches,  or  to  4  feet  h\  inches. 
In  this  way,  the  line  would  be  adapted  to  receive 
railway  waggons,  with  a  total  lateral  dearanoe  of 
i  inch  between  the  backs  of  the  tyres  and  the  inner 
edges  of  the  grooves.  It  was  apparent,  nevertheless, 
that  the  l^inch  groove  would  be  just  wide  enough 
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to  receive  the  flanges  of  railway  waggons,  which  were 
of  the  same  width,  or  thickness, — 1^  inches.  But  the 
wedging  which  would  have,  in  consequence,  to  take 
place,  if  the  wheels  were  to  run  on  their  treads 
or  rolling  surfaces,  was  obviated  by  the  shallowness 
of  the  groove  of  the  Glasgow  rail — the  depth  being 
only  \  inch ;  for  it  followed  that  the  wheels  would 
urn  on  their  flanges,  which  being  more  than  -J  inch 
deep^  would  touch  the  bottom  of  the  groove,  and  so 
prevent  the  wheel  settling  down  and  wedging  itself 
into  the  rail. 

Mr.  HopldnSy  as  engineer  for  the  Yale  of  Clyde 
tramways,  assented  to  the  proposition  for  securing 
uniformity  of  gauge,  and  in  the  first  instance,  recom- 
mended a  gauge  of  4  feet  Tf  -  inches.  For  the  pur- 
pose of  settling  the  choice  of  these  two  widths, 
Messrs.  Johnstones  &  Rankine  made  arrangements 
for  and  conducted  experimental  trials  with  a  short 
line  of  tramway  laid  to  a  gauge  of  4  feet  inches, 
with  the  rails  of  the  Glasgow  tramways,  and  at  the 
charge  of  the  Corporation,  within  the  station  of  the 
Glasgow  and  South  Western  Railway.  Mr.  Hopkins 
and  others  were  present  at  the  trials,  which  took 
place  on  October  24,  1871.  Railway  waggons  were 
run  over  the  piece  of  tramway,  in  a  manner  which 
was  quite  satisfactoiy ;  and  the  results  of  the  trials 
led  to  the  adoption,  by  general  consent^  of  the  gauge 
of  4  feet  7-(  inches,  for  all  the  tramways  of  the 
Glasgow  district. 

The  total  width  of  the  tramway,  for  a  double  line, 
amounted  to  16  feet  11^  inches,  constituted  as  fol- 
lows : — 


-  • 
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Width  of  gaujire,  4  feet  7|  inchee  x  2  -      .  9  3^ 

Width  of  interspace  between  lines  of  way  3  11^ 
Four  widths  of  rolling  surface  of  railS| 

\\  inches  x  4  -   0  7| 

Two     outer    margins      of  pavement, 

18  inches  x  2  •   3  0 

Total  ^^^dth  ....     16  10^ 
For  a  single  line,  the  total  width  is  7  ieet  11^  iaclles. 

The  excavation  for  the  tramwajs  was  made  to  a 
tuufonn  depth  of  161  inch^  below  the  surface  of  the 
street,  for  the  whole  width.  A  bed  of  bitaminons  con- 
crete, 4  inches  thick,  was  laid  over  the  whole  of  the 
excavated  bottom.  The  concrete  consisted  of  slag 
fresh  from  the  furnaces,  thoronghly  drj,  broken  to  a 
2-incli  ring  gLiiigo,  and  Britiali  bitumen  made  from 
pure  coal-tar  pitch.  The  bitumen  was  to  be  used  at 
the  boiling  point,  and  mixed  in  the  proportion  of  31 
pounds  per  cubic  foot  of  slag.  The  tnnis verse  sleepers 
Avere  laid  on  the  concrete  bed,  and  after  the  longitu- 
dinal sleepers  and  rails  had  been  correctlj  laid  and 
adjusted,  the  spaces  between  the  cross  sleepers  were 
made  np  with  concrete  of  the  same  composition,  flush 
with  the  upper  snrface  of  these  sleepers.  A  ^-inoh 
stratum  of  bitumen  was  floated  orer  this  new  lerel. 
Concrete  was  also  packed  under  the  longitudinal 
beams  in  the  inter?als  between  the  chairs. 

The  rails,  fig.  25,  weighed  60  pounds  per  yard ; 
thej  were  4  inches  wide,  and  1|  inches  thick  at  the 
tread.  The  rolling  surface  was  1-|-  inches  wide  ;  the 
groove  was  1^  inches  wide  and  \  inch  deep,  formed 
semicircularly  at  the  bottom ;  and  the  inner  flange  was 
\  inch  thick,  and  corrugated  at  the  upper  surface.  The 
rolling  surikce  was  slightly  rounded  transversely;  the 
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fillet  on  the  underside  was  f  incli  deep,  and  so  in- 
creased the  total  depth  of  the  rail  to  2  inches ;  the 
rails  were  rolled  to  24  feet  in  length,  except  5  per  cent, 
of  the  total  quantity,  which  is  of  shorter  lengths,  not 
less  than  14  feet.  The  holt-holes  in  the  grooves  were 
I  inch  in  diameter,  eonntersnnk  to  a  diameter  of 
1  inch.  The  rails  were  to  be  made  from  piles  of  selected 
pnddle-hais  of  mine  iron,  to  produce  a  hard  granular 
rolling  sur&ce,  and  to  he  of  toogh  fibrons  iron  at  the 
underside.  They  were  bolted  to  the  sleepers  with 
f-inch  bolts,  of  which  there  were  eight  to  each  rail 
of  24  feet  long. 

A  portion  of  the  points  and  crossings  were  to  be 
of  cast  iron,  2  inches  thick,  and  others  of  wrought 
iron,  1^  inch  thick,  corrugated  at  the  surface;  the 
chairs  are  of  cast  iron. 

Three-eighths  inch  fish-plates,  12  inches  long, 
were  placed  under  the  ends  of  the  rails. 

The  longitudinal  sleepers  are  of  American  white 
oak,  4  inches  wide  and  6  inches  deep,  secured  to  the 
chairs  bj  f-inch  oak  pins ;  the  transverse  sleepers 
are  of  Baltic  timber,  4  inches  deep,  7  inches  wide 
at  the  joints  of  tiie  longitudinal  sleepers,  and 
6  inches  wide  intermediately.  All  the  timber  was 
creosoted  wiUi  8  pounds  of  creosote  per  cubic  foot 
of  timber. 

The  interspaces,  together  with  a  breadth  of 

1 8  inches  on  each  side  of  the  way,  were  to  be  paved 
with  granite  from  Furness  Quarry  or  Bonawe  Quarry, 
The  stones  were  to  range  from  4  inches  to  7  inches 
deep,  as  might  be  required,  and  to  be  laid  on  a  bed 
of  sand  of  from  1  inch  to  1|  inches  deep,  laid  on  the 
bituminous  coating.   The  stones  were  to  be  jointed. 
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for  3  inches  on  each  side  of  each  rail,  with  British 
bitumen  ;  the  remainder  with  lime-grout.  The  sur- 
face of  the  pavement  was  formed  with  a  lateral  slope 
of  i  inch  in  one  foot,  from  the  centre  line. 

The  use  of  bitumen  for  the  joints  was  abandoned, 
as  on  experiment  it  was  found  that  the  bitumen  ran 
and  spread  beyond  the  specified  width,  and  under 
some  of  the  stones ;  and  the  design  conld  not  pro- 
fitably be  carried  out. 

The  contractor  was  to  maintain  the  whole  of  the 
work  for  six  months  after  completion,  and  to  replace 
all  rails  fiuling  within  twelve  months.  He  could 
re-use,  after  re-dressing,  the  paving-stones  interfered 
with,  so  far  as  they  were  suitable  for  the  work. 

The  total  cost  of  construction  of  the  tramways 
under  the  first  contract  was  as  follows: — 


Glasgow  Oobporation  Tbaicwatb. 
CoU, 


1879-73 

Length, 
single 
line 

Total  coit 

C<ipt  iH?r 
lineal 

Cost  per 

mile, 
riogle  Udp 

Chwrgn  for 

mnin- 

t<^nanc« 
for  six 
months 

No.  1,  Ist  piece 
„     2nd  „ 
„     3rd  „ 

Taids 

8,281 
6,286 
2,920 

< 

27,850 
16,144 
6,268 

£ 

2-668 
2143 

£ 

5,919 
4,519 
3,772 

£ 

30 
100 
20 

No.  1    .   .  . 

„  2  ... 
,,3  ... 

17,-187 
12,2.'U 
3,106 

50,252 
30,836 
7,442 

2-873 
2021 
2-320 

6,058 
4,437 
4,100 

150 

20 
10 

Totab    .  . 

82,016 

88,629 

2-680 

4,788 

180 
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The  variations  in  the  cost  per  yard  and  per  mile 
for  the  diflferent  pieces,  arise  chiefly  from  the  item  of 
paving.  In  the  first  piece,  of  No.  1  tjumwaj,  the 
roadway  was  of  macadam,  and  the  tramway  was  laid 
with  entixelj  new  paving ;  whilst  in  the  third  piece 
the  roadway  was  paved  throughout,  and  the  old 
stones  were  re-dressed  and  utilised  for  the  tramway. 
In  the  other  pieces,  the  roadway  was  partly  of  mac- 
adam and  partly  of  paving.  The  items  of  costs  for 
paving,  indnded  in  the  above  total  costs,  were  re- 
spectively as  follows  s — 

GiAseow  CoRPORATioK  Tbamwata. 


Cost  of 

Cost  per  lineal 
yaidtriagtoUiie 

Cost  per  mile, 
singto  Una 

No.  1,  let  piece  .  . 

"  £j  "  *• ' 

n      wd   „     .  . 

121870 
4,195 
1,010 

£ 

1-404 
0667 
0-346 

£ 

2,629 
1,176 
600 

No.  1  

„  2  

„  3  

17,676 
8^76 

1,697 

1-006 

0-693 
0-631 

1,769 
1,220 

936 

Totab  for  paving  . 
Totals  for  tnm- 

WAJ8  pVQipOF  • 

27,748 
00,781 

0'84S 

1-846 

1,484 

3,249 

Total  wliob  Wit  . 

88,689 

2-689 

4,738 

From  these  data  it  appears  that  the  average 
cost  of   cous  traction  per  mile  of  double  wajs 


was — • 

For  the  tramway  proper  £0,498  per  mile,  or  60  per  cent. 
For  paying  .      .      .   2,968      „         31  „ 

Total    .     .  £0,466     „       100  „ 
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Schedule  of  P&icsb  fob  Fibst  Oontract,  1S72-73. 

«.  d. 

Exeayating  macadam,  and  nmoving 

the  same,  ^  douUe  ]]]»  .70  par  liiieal  yazd. 

IKtto,  for  riagle  line      ...    8  6  ^ 

Lifting  cau.>«eway,  and  ezflaTStiog 

stuff  and  removing  the  eaine,  for 

double  line  6    0  ^ 

Ditto,  for  single  line       ...     2  6 
Furniflhing,  lading,  aud  completing 

Intuminous  concrete,  under  trana- 

Tene  deepoTB,  for  double  Une     .  14  3  „ 
Ditto,  for  single  line      .      .  .68 
Furnishing,  laying,  and  oompletiqg 

bituminous  concrete,  upon  the  pre- 
ceding layer,  to  1^  inch  below 

paving  5tonP8  G  incheH  dopp,  or  to 

from  1  to  1  ^  inch  below  paving 

stones  7  inehes  deep,  for  doaUe 


14  S 

Ditto,  for  single  line 

6  8 

n 

£  9. 

d. 

Rails,  laid  complete       .      .  . 

0  9 

0 

per  ton. 

Chairs  • 

4  10 

0 

f» 

Bolts  and  nuts  „  . 

16  10 

0 

tf 

Fish-]^tBS      „  .      •      .  . 

10  8 

0 

n 

Washer          „  .  . 

IS  0 

0 

n 

Spikes             ,,  . 

9  12 

0* 

n 

Oasi-iroii  ]  tints  and  crossings,  laid 

OOmplete  ..... 

7  10 

0 

n 

Wrought^iron  points  and  crossings, 

laid  complete  .... 

18  0 

0 

t» 

Transverse  sleepers,  creosoted  and 

laid  complete: — J<»nt  . 

0  8 

0 

eadi 

Intermediate 

0  2 

6 

$9 

Loqgitndinal  sleepers,  oeosoted  and 

laid  complete  .... 

0  2 

4J  per  fine 

Ditto  laid,  not  creost^ted  . 

0  2 

n 

Allowance  for  extra  width  of  longitu- 

dinal beams  at  points  aud  croeeiogs 

3  0 

0 

per  set. 
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£  s.  d. 


Oak  pins,  5^  inches  long,  |  inch  dia- 
meter   


10  0  per  1,000 


FQUng  tin  1x>lt,  spike,  and  pin4ioIee 
wtUi  Ardiangei  iar,  per  lineal 

yard  of  single  line  .      0*84SML  per  Hnetl  jaid. 

Fumiahing  and  laying  sandi  1^  inchee 
deep,  under  stonee: — 


Furmahing  and  laying  paving  stones, 
joinlbg  and  grouting  the  atine:'-> 
4  indwB  deep,  new  etooee — 

Double  line     2   6   0  „ 
Single  line      12  6  „ 
6  inchee  deep,  new  stones — 

Double  line  2  19  0  „ 
Single  line      19   6  „ 

The  liberal  derelopment  of  solidily  exemplified 
in  the  oonstraction  of  the  first  oontraots  for  the 
Glasgow  Corporation  Tramways,  was  extended  like- 
wise to  the  snbeeqaent  oontraots,  which  are  illns- 
trated  hj  Plate  n.,  and  will  be  fiiUj  described. 


Double  line 
Single  line 


0    0  9 
0   0  4^ 


CHAPTER  v. 

LAS8BN*8  FASTBimrO — LONDOV  8TSB1T  TBAKWAT8 — 

BBLFA8T  TBAMW ATS. 

But  a  xnetliod  of  fiuitening  the  rail  to  the  sleeper 

was  wanted  which  would  be  free  from  the  defects  of 
the  vertical  spike, — a  method,  the  barbarity  of  which 
was  only  rivalled  by  its  simplicity.  Mr.  Jorgen  Daniel 
Larsen  supplied  the  want,  by  substituting  lateral 

fastenings  for  vertical  spikes — 
a  system  which  was  patented 
by  him  in  February  1871,  and 
is  represented  in  fig.  26. 

*  The  vertical  or  upright  side 
of  the  rail/  he  says,  *  intended 
to  be  fiistened  to  a  sleeper,  is 
so  made  as  to  extend  in  the 
manner  of  a  flange  or  flanges 
bdow  the  npper  sorfiftee  of  the 
sleeper  (longitudinal),  either  on 
one  or  both  sides  of  tiie  sleeper. 
An  apertnre  is  made  in  each 
flange,  so  as  to  be  a  short 
distance  below  the  upper  surface  of  the  sleeper,  when 
the  rail  is  placed  thereon.   To  fix  the  rail  to  the 
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sleeper,  a  bent  metal  piece  or  half  staple  is  inserted 
into  the  hole  in  the  flange  and  driTen  home,  and  is 
also  fixed  to  the  rertical  side  of  the  sleeper.  The 

part  of  the  metal  piece  or  half-staple  inserted  into 
the  hole  may  be  of  various  forms,  and  may  be  so 
long  as  to  rro  through  the  sleeper  and  to  enter  also 
a  correspondiug  hole  in  the  other  vertical  side  of  the 
rail  extended  as  a  flange.  The  metal  piece  may  be 
of  such  foriii  as  to  pass  throagh  at  once  two  or  more 
holes  in  the  same  iiauge.* 

In  the  Larsen  rail,  two  important  advantages  are 
combined.  "By  the  flanges  it  is  virtually  increased 
in  depth  and  in  stiffness  vertically  and  laterallj; 
and  (he  fiistenings,  as  applied  at  ihe  sides,  are  not 
only  removed  fkom  interference  of  the  wheel  flanges, 
bnt  are  so  placed  as  greatly  to  strengthen  the  attach- 
ment of  the  raO.  to  the  sleeper ;  for,  it  is  apparent 
that  the  wide  base  of  attachment  afforded  by  the 
lateral  flanges,  creates  a  lereiage  of  resistance  to 
lateral  stress  twice  as  great  as  the  leverage  derived 
from  a  central  vertical  spike.  There  is  yet  another 
advantage,  that  by  means  of  the  flanges,  the  sleeper 
may  be  more  firmly  embraced  by  the  flanged  rail 
than  it  can  possibly  be  by  the  shallow  filleted  rail. 

Altliouj^li,  incidentally,  the  strength  of  the  Lar- 
sen rail  was  increased  by  the  addition  of  the  flanges, 
it  does  not  appear  that  vertical  strength  was,  in  his 
earliest  designs,  made  a  point  in  question  by  the 
designer ;  for  there  is  only  sufficient  depth  of  flange, 
1  inch,  to  afford  room  for  the  flistenings.  In  point 
of  absdnte  transverse  strength,  Larsen^ft  rail  had 
ahready  been  anticipated  by  Livesey's  rail,  patented 
in  1889,  which  will  be  described  in  Chapter  £S.  on 
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izon  wajSy  and  which  was  formed  with  a  flange  at 
each  side  of  considerable  depth.  Mr.  Larsen  Bhonld, 
neverthelesSy  be  credited  with  the  merit  of  introdacing 
the  flai^-rail  into  practice  in  England,  as  well  as 
the  method  of  the  side-&8tening. 

Li  the  oonstmetion  of  the  London  Street  Tram- 
ways, under  the  charge  of  Mr.  Larsen,  the  first  por- 
tion of  which  was  opened  in  November  1871,  he 
designed  and  made  the  first  application  of  lateral 

fastenings  for  tram-rails,  fig.  27, 
upon  the  results  of  which  his  patent 
was  based.  In  this,  his  first  trial,  the 
rails  were  4  inches  wide,  and  weighed 
60  pounds  per  yard.  They  were 
Fio.  27.  Ljirs.  n  s  doublc-flauged,  and  were  fixed  upon 

longitudinal  sleepers.  6  inches  deep, 
Tramways.  by  means  of  side-fasteningSy  which 
consisted  of  three  pieces  at  each  side: — ^a  strap 
3^  inches  long,  f  inch  wide,  and  f  inch  thick,  and 
two  spikes  driven  horizontallj  into  the  sleeper, 
throngh  a  hole  at  each  end  of  the  strap,  the  npper 
spike  passing  also  throngh  a  hole  made  in  the  flange 
of  the  raiL  The  excavation  for  the  fonndation  was 
carried  down  to  a  level  of  4  inches  below  the  under- 
side  of  the  sleepers,  for  the  whole  width  of  the  way. 
An  even  bed  of  concrete,  4  inclies  tliick,  was  laid 
upon  the  bottom,  and  the  longitudinal  sleepers  wore 
laid  directly  upon  it.  The  timbers  were  placed  in 
cast-iron  chairs  at  the  points,  and  the  gauge  was 
fixed  by  means  of  flat  bar-iron  ties,  at  intervals,  split 
and  kneed  both  ways  at  the  ends,  and  fixed  to  the 
sleepers  by  bolts  or  spikes,  as  shown.  A  2-inch  layer 
of  sand  or  of  gravel  was  distributed  over  the  concrete 
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snrfiice,  to  form  a  bed  for  fhe  paving,  wHch  was  laid 
and  gronted  in  the  nsnal  manner.     See  fig.  28. 


Fio.  28.  London  Stmet  Tnmvayi.  Me  ^. 

In  this,  his  first  employment  of  side- fastenings, 
Mr.  Larst'ii  substituted  three  pieces  for  the  smo-le 
vertical  spike.  Not  oblivious  of  the  disadvantage^'of 
multiplying  the  number  of  pieces  in  a  fastening,  he 
reduced  them,  in  his  patent,  to  two  in  number,  as 
has  already  been  described ;  and  in  his  next  opera- 
tion, the  construction  of  the  Belfast  Tramways,  he 
employed  the  fastening  in  two 
pieces,  as  patented.  The  works 
of  these  tramways  were  com- 
menced early  in  1872,  and  the 
first  section  was  opened  in  the 
autumn  of  the  same  year. 

The  constrnction  of  the  Bel- 
fast Tramways  is  illustrated  by 
fig.  29.  It  consists  of  longitu- 
dinal sleepers  laid  upon  cross 
sleepers  enclosed  in  concrete, 
the  rails  being  laid  on  the  longi- 
tudinal sleepers.  The  gauge  of 

the  way  ia  5  feet  3  inohe.,  the  '  8«";„^?^.  'rhrr'- 
intermediate  space  between  the  ^<'°'b  Autening.  Scale  \, 
two  lines  of  rails  of  a  double  line  is  4  feet;  the 
breadth  of  paving  at  the  outer  sides  of  the  rails  is 
2  feet;  the  tread  of  the  rails  is  1)  inches  wide,  and 
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the  total  width  of  the  tramway  for  a  double  line  is 
constitated  as  follows  :— 

BkLFAST  TltAMWATS. 

F>:^-t  Inch« 

Two  lines,  5  feet  3  inches  gauge     .      .10  0 

Interniodiate  spate  .  .  .,40 
Two  uiiU^de  breadths  of  '2  Icet  each  .  4  0 
lour  widths  of  tread,  1^  inches  ..07^ 

io  ^ 

The  ground  was  excavated  to  a  uniform  depth  of 
1  H  inches  below  the  permanent  surface,  for  the  whoU^ 
widtli  of  the  tramway,  double  or  single.  Cross  sleepers 
of  wood,  4  inches  deep,  by  6  inches  wide,  and  7  feet 
in  length,  were  laid  on  the  bottom  of  the  ezca?atioii 
at  intervals  of  5  feet  between  centres,  and  upon  these 
the  longitudinal  sleepers,  3J  inches  wide,  by  6  inches 
deep,  were  laid  and  fixed  by  cast-iron  brackets,  weigh- 
ing 5  pounds  each.  There  was  but  one  bracket  at 
each  intersection,  placed  alternately  at  the  inside  and 
the  outside  of  the  longitudinal  sleeper ;  fixed  by  four 
spikes  to  each  bracket. 

The  rails  weigh  about  62  pounds  per  yard,  they 
are  3 J  inches  wide  and  1^  inches  thick;  the  side 
flanges  are  1|  inches  deep,  and  -^^  inch  thick  at 
the  edge,  making  the  total  depth  of  the  rail  2} 
inches.  The  tread  is  1 J  inches  wide,  the  groove  is 
IJ  inches  wide  and  inch  deep,  and  the  outer 
ledge  is  J  inch  thick  at  the  edge.  The  side-fastening 
of  the  rail  to  the  sleeper  is  of  two  pieces : — an  iron 
plate  or  strap,  ^  inch  thick,  having  a  spike  welded 
to  it  at  the  upper  end,  which  passes  through  the 
flange  of  the  rail,  and  a  hole  near  the  lower  end, 
through  which  a  large  spike  is  driven  nearly  through 
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the  sleeper.  The  fiwteniDgB  were  applied  alternatelf 
to  each  side  of  the  rails  at  short  intervals. 

After  the  sleeper  aod  rails  were  accarately  ad- 
justed and  packed  helow  the  cross  sleepers,  the 
spaces  between  the  cross  sleepers,  and  the  whole  area 
above  them  on  each  side  of  the  longitudinal  sleepers, 
was  filled  solid  with  concrete  to  a  total  height  of 
about  7  inches  above  the  floor  of  the  excavation, 
suited  for  the  laying  of  the  paving,  which  consisted 
of  4-inch  granite  cubes,  with  a  ^-inch  lajer  of  sand. 
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DUBLIN  TBAMWATB — ^VALB  OF  OLTDS  T1UMVAT8. 

Thb  superiority  of  tiie  Larsen  rail — as  a  Tail  with 
side-fastenings — to  the  rails  with  vertical  spike- 
fastenings,  was  established  by  the  experience  acquired 
of  its  capabilities  oi)  the  Lundou  Street  Tramways, 
thont'h  in  these  as  well  as  in  the  Belfast  Trainwavs 
subsequently  cunstructed,  the  system  of  side-fasten- 
ing was  but  imperfectly  developed.  Mr.  Hopkins 
improved  the  system  of  the  side-fastener  by  substi- 
tuting for  the  fastener  in  two  or  in  three  pieces,  a  solid 
staple  or  *  dog,*  in  one  piece,  which  he  employed  in 
the  construction  of  the  Dublin  Tramways,  of  which 
he  was  the  engineer,  and  the  works  for  which  were 
commenced  in  October  1S71.  The  design  of  the 
tramway  was  yeiy  simple — four  rails  laid  on  four 
longitudinal  sleepers  bedded  in  four  longitudinal 
trenches  of  concrete:  similar  to  the  first  system 
adopted  by  Mr.  Hopkins  for  tramways  in  London. 
The  rail,  shown  in  section,  fig.  30,  weighs  53  pounds 
per  yard;  it  is  4  inches  wide;  but  though  it  is 
thinner  than  the  grooved  rails  of  earlier  design,  it 
is  deeper,  and  shows  clearly  a  better  distribution  of 
material  than  in  these  rails:  better  even  than  the 
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Belfast  rail,  which  was  of  later  construction,  and 
designed  bj  Mr.  Larsen.  The  rolling  surface  of  the 
Dublin  rail  is  2  inches  wide;  the  groove  is  1^  inches 
wide,  and  j-^  inch  deep,  with  a  flat  floor ;  the  ledge 
is  J  inch  thick  at  the  surface.  The  rails  were 
fixed  upon  longitudinal  fir  sleepers  4  inches  wide 
and  6  inches  deep,  in  lengths  of  from  18  to  25  feet, 
rebated  to  receive  the  rails.  The  rails  were  pressed 
down  and  solidly  bedded  bj  means  of  screw-cramps. 
In  this  position  they  were  fixed 
to  the  sleepers  by  means  of  sta- 
ples in  one  piece,  made  of  ^inch 
roond  iron,  tbe  lower  ends  of 
which  were  barbed.  A  section 
of  the  rail  and  the  sleeper  thus 
fixed  together  is  giren  in  fig.  30. 
The  staples  were  applied  at  in- 
tervals of  8  feet  on  each  side  of 
every  rail,  and  there  was  one 
on  each  side  of  the  rail  at  a  dis- 
tance of  about  4  inches  from 
each  end.  At  curves  in  the  line, 
if  not  severe,  the  sleepers  were 
in  some  instances  sawn  half 
through  the  outer  side  at  in- 
tervals, and  wedges  were  driven  into  the  cuts  until 
the  sleeper  took  the  required  curvatnre.  At  sharp 
carves,  the  sleepers,  in  short  lengths,  were  sawn  to 
the  repaired  cnrratore.  The  ends  of  the  rails  were 
stayed  with  wronght-iron  plates,  7  inches  long, 
inch  thick,  and  2^  inches  wide,  let  into  recesses 
adzed  off  the  sleeper.  The  intention  in  applying 
these  plates  was  to  maintain  the  ends  of  the  raOs  at 
the  same  level. 


mmim 


¥iQ.  30.  Dublin  Tram- 
mja: — Section  of  rail 
and  sleeper,  showing 
the    stnple  £u(teiUQg. 
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A  general  section  of  both  lines  for  a  double  way 
is  given  in  fig.  31.  The  rails  of  each 
line  are  placed  to  a  gauge  of  5  feet 
3  inches,  which  is  the  railway  gauge 
of  Ireland,  though  railway  waggons 
cannot  be  run  on  the  tramway.  Tliere 
is  a  clear  4-feet  space  between  the  two 
lines  of  way,  and  there  are  the  cus- 
tomary 18rinch  breadths  of  pavement 
outside  the  outer  rails*  The  working 
edge  of  the  groove  is  at  the  middle 
of  the  width  of  the  rail,  or  2  inches 
from  each  edge;  and  the  total  width 
of  roadway  occupied  by  the  double  line 
of  tramway  is  made  up  as  follows : — 


1 
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DuBUv  Traxwatb. 

Two  linos,  5  feet  3  inchee  gauge 

IbtemiiHliate  space .       .  • 
Four  half-widths  of  rail  . 
Two  breadihs  of  paving  outside 

Total  . 


Feet  Inchc 

10  6 

4  0 

0  8 

3  0 


18  2 


o 


making  a  total  width  of  18  feet  2  inches, 
(g  Four  trenches  were  cut  in  the  tracks  of 
^  the  rails,  to  a  depth  of  18  inches  below 
the  level  of  the  roadway,  to  a  width 
averaging  about  2  feet,  whilst  the  in- 
tervening surface  was  excavated  to  a 
depth  of  11  inches.  The  excavated 
space  was  filled  with  concrete  to  a  level 
of  about  7^  inches  below  the  surface, 
forming  a  level  bed  for  the  sleepers. 
The  concrete  was  made  with  blue-lias 
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lime,  or  with  Poitlaiid  cement.  The  ends  of  the 
sleepers  were  laid  in  cast-iron  chaurs,  like  those 
of  the  Liyerpool  line,  page  24,  which  fitted  them 

tightly,  and  were  fixed  to  them  at  the  outer  side 
by  two  iKiils,  one  to  each  end  of  the  sleeper.  The 
inner  sides  were  formed  with  dovetail  and  slots, 
to  receive  the  ends  of  a  tie-bar  at  each  point.  Inter- 
mediate ties  of  flat  iron  were  placed  at  intervals  of 
about  7  feet;  they  were  split  at  the  ends,  and  formed 
with  right  and  left  knees,  in  the  manner  shown  in 
fig.  27,  page  60,  by  which  they  were  nailed  or  spiked 
to  the  sleepers.  A  bed  of  sand,  1  inch  thick,  was 
laid  on  the  concrete  to  receive  the  paving,  which 
conmsted  of  granite  sets,  6  inches  deep.  The  trans- 
Terse  joints  of  the  paving,  1  inch  wide,  were  filled 
with  small  g^vel  or  shingle,  which  was  rammed  into 
the  joints,  after  which  the  paving  was  beaten  with 
ordinary  rammers. 

The  following  is  a  statement  of  the  quantities, 
with  the  approximate  actual  cost,  for  one  mile  of 
double  way : — 
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DCiJLD*    TkAMWAYS. — QUAlfllllES   AJiD   APPROilMAIB  OO8I  FOB 

OSS  mui  ov  DouBia  Wat,  1871-72. 


8,600  cuHc  yds.  @ 

1,400  „ 

400  tons  „ 
8,520  cubic  feet 


Excavation     .  . 

Concrete  . 
Sand  and  shingle 
Sloapon  •      •  • 

Chairs,  cast  iron      .         8^  tons 
Nails      ...  I  ton 

Ctislunn?*  ,  0-00  ton 

Staples,  14,080  @  350  lb. 

per  1,000     .       .  2i  tons 

Tie-ban  •      .      .        11  tons 


Liijing  rails,  single  line  8,620  lineal  yds. 


n 


Cost  of  way 

I'aving 

Carting  away  debris 
Watching  and  lighting  ^ » 
Management  ana  contingenoiea 


9,973  square  yards  „  5 


• 

s.  a. 

£ 

s. 

2  0 

350 

0 

0 

6  0 

420 

0 

0 

3  0 

BO 

yjyj 

0 

0 

2  6 

440 

0 

0 

A 
V 

A 

V 

8 

66 

0 

0 

24 

12 

0 

0 

10 

6 

0 

0 

20 

57 

4 

0 

16 

176 

0 

0 

1.  d. 

1  0 

176 

0 

0 

4,043 

4 

0 

2,r42 

11 

6 

50 

0 

0 

120 

0 

0 

•  • 

160 

0 

0 

Total  approximate  cost  per  mile  of  doable  way 
Ditto  per  mile  of  single  way 


7,106  15  6 
8,662  17  9 


The  first  portion  of  the  lines  was  opened,  between 
St.  Stephen's  Green  and  Ilalli^^ur,  2j  miles,  on 
February  1,  1872.  The  tramways  were  fully  opened, 
to  a  length  of  IG  miles,  early  in  1874. 
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TH£  YALE  OF  OLTDE  TBAHWATS. 

The  Act  for  the  Vale  of  Clyde  Tramways  was  passed 
in  1871.  They  conaifitod  of  two  sections — from  Park 
House  Toll,  Glasgow,  to  Paisley,  Johnstone,  and 
Govan;  and  from  Port-Glasgow  to  Greenock  and 
Gonrook.  As  before  remarked,  the  Yale  of  Clyde 
line,  between  Glasgow  and  Govan,  was,  bj  the  Act, 
to  be  oonstmcted  so  as  to  admit  of  railway  Tehicles 
being  passed  over  it ;  in  &ct,  to  carry  loaded  coal- 
waggons  from  the  Govan  Bailway  Station  to  the 
ship-building  yards  on  the  ronte.  It  was  laid  to  the 
gauge,  4  feet  7j  inches,  which  was  adopted  by 
general  consent  for  the  tramways  of  the  (ilasgow 
district,  as  tilready  noticed,  page  41,  and  had  been 
applied  to  the  Glasgow  Corporation  Tramways. 

The  first  piece  of  the  upper  section  of  the  Vale 
of  Clyde  Tramways — from  Park  House  Toll,  Glasgow, 
to  GoTan — was  constructed  by  the  Corporation  of 
Glasgow,  under  Mr.  Hopkins,  as  the  engineer.  The 
construction  was  commenced  in  July  1872,  and  the 
line  was  opened  for  traffic  on  the  16th  December, 
1872*  A  portion  of  the  lower  section — ^between 
Greenock  and  Gonrock— 1^  miles  in  length,  was 
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opened  in  Jnlj  1878.  The  remainder  of  the  lower 
section,  3  miles  in  length,  were  eonstnicted  by,  and 
leased  from,  the  Corporation  of  Greenock.  The 
lengtiis  of  lines  now  open  are  as  follows: — 

Gksgow  and  Govan    .      .     2{  miles  double  lixw 

Total       .      .     6|    „  „ 

The  Govan  rail,  fig.  32,  is  of  steel,  and  weighs 
60  pounds  per  yazd.  The  distribution  of  the  material 


Fio.  32.  Vale  of  Clyde  Tramways :— Section  of  Hail.  ScaU  |. 

in  the  rail  is  less  effective  for  resisting  vertical 
stress  than  in  the  Dublin  rail ;  but  the  thicker  sec- 
tion was  specially  adopted  for  the  transport  of  railway 

wagi^ons,  besides  providing  a  more  massive  tread ; 
the  section  also  provided  greater  thickness  under  the 
groove — the  weakest  point. 

The  rail  is  nominally  4  inches  ^vide.  It  is,  in 
fact,  3 J  inches  wide  at  the  surface,  widening  down- 
wards to  4  inches  at  the  edges  of  the  flanges,  to 
facilitate  the  manufacture.  The  total  depth  is 
2|  inches.  The  tread  or  rolling  sur&ce  is  1}  inches 
wide,  slightiy  rounded,  with  a  rise  of  inch.  The 
groove  is  1^  inches  wide,  with  sloping  sides  and  a  flat 
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floor,  and  is  only  y-J-  inch  deep :  adapted  by  its  wide- 
ness  and  shallowness  to  receive  the  flanges  of  the 
wheels  of  railway  waggons,  which,  being  at  least 
1  inch  in  depth,  of  coiizse  take  a  bearing  on  the  floor 
of  the  groove.  *  It  was  rather  a  violent  thing  to 
think  of  doing,*  says  Mr.  Hopkins,  in  his  evidence 
before  the  Select  Committee  of  1877, '  bat  the  obli- 
gation was  upon  ns,  and  it  was  the  onlj  way  we 
conld  possibly  hit  npon ;  becoose,  if  we  made  the 
groove  in  the  rail  wide  enough  to  receive  the 
ordinary  tyre  of  a  railway  carriage,  it  wonld  be  too 
wide  for  the  ordinary  ti*affic  of  a  street.'  The  ledge 
at  the  inner  side  of  the  rail  is  \  inch  wide  at  the 
surface. 

The  rails  were  rolled  to  a  length  of  21  feet,  with 
h  per  cent,  of  the  total  quantity  as  shorter  lengths. 

The  system  of  construction  consisted  of  rails  laid 
on  longitudinal  sleepers,  bedded  on  a  foundation  of 
concrete  laid  for  the  whole  width  of  the  way. 

The  lines  of  way,  where  the  way  is  double,  are 
placed  at  a  distance  of  3  feet  apart,  between  the 
rails.  Indnding  the  usual  ontside  breadths  of 
18  inches  of  pavement,  the  width  of  the  tramway  is 
made  up  as  follows : — 

Vau  of  Oltsb  Tramwatb. 

fleet  InchM 

Two  line^  of  way,  4  feet  7f  inchfiB  gauge        9  3^ 
Interspace  between  lines  .       .       .       .       3  0 
Two  breadths  of  paveniont,  18  inche^i  each       3  0 
Four  widtlm  of  rolling  surface  of  rails, 

l|iiiciMBx4-i  0  71 

Total  width  .     IS  11 

In  a  single  line,  the  total  width  amounts  to 
8  feet  \  inch. 


62 


VALE  OF  CLYDE  TRAMWAYS, 


The  roadway  was  excavated  for  the  full  width  of 
the  tramway — 16  feet  for  a  double  line — to  a  uniform 
depth  of  13  inches  below  tlio  permanent  surface.  At 
junctions  and  crossings,  where  cross  sleepers  were 
laid,  the  depth  was  increased  to  17  inches,  to  make 
room  for  the  sleepers*  At  places  where  the  exca> 
vated  bottom  was  not  firm  or  solid,  deeper  ezcava- 
tions  were  made,  and  filled  with  hard  materials  or 
with  concrete.  A  foundation  of  concrete  made  with 
Portland  cement,  was  laid,  6  inches  thick,  in  the 
bottom,  for  the  whole  of  tlie  width.  The  concrete 
was  of  the  following  proportions : — 


The  cement  was  to  be  of  the  best  quality,  weigh- 
ing at  least  110  pounds  per  striked  bushel,  and  of  such 
a  fineness  that  40  per  cent,  of  it  would  pass  through 
a  hairHsieve  of  50-gauge.  It  was  to  support  a  tensile 
stress  of  200  lbs.  per  square  inch,  one  week  after 
having  been  gauged  neat,  and  kept  immersed  in 
water. 

The  ballast  was  to  be  clean  and  sharp,  in  the  pro- 
portion of  6  parts  of"  gravel,  broken  stone,  or  screened 
macadam,  to  2  of  clean  sharp  sand. 

The  ground  was,  in  dry  weather,  to  be  well  watered 
before  the  coiu  rote  was  filled  in. 

The  longitudinal  sleepers  were  of  best  Memel 
timber,  6  inches  deep,  4  inches  wide,  sawn  true  and 
square,  in  lengths  of  not  less  than  20  feet,  rebated 
to  fit  the  rails.  Thej  were  laid  on  the  foundation 
of  concrete.   On  curves  having  a  radius  less  than 


Portland  cement 
Ballaet  . 
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200  feet,  the  sleepen  could  be  of  shorter  lengths, 
and  were  sawn  to  snit  the  cnrres.  Cross  sleepers  of 
the  same  tunber,  6  inches  wide  and  4  inches  deep, 
at  least  7  feet  in  length,  were  laid  under  the  longi- 
tudinals to  support  them,  at  intervals  not  exceeding 
4  feet  between  centres,  at  the  points  and  crossings. 
A  foundation  of  concrete,  6  inches  thick,  was  laid 
for  tiie  support  of  the  cross  sleepers.  The  timber 
was  to  be  creosoted  with  creosote  oil,  having  a 
specific  gravity  not  exceeding  0*95,  to  the  extent  of 
10  pounds  of  oil  per  cubic  foot  of  timber. 

The  rails  were  so  laid  tliat  they  extended  to  the 
right  and  the  left  of  the  joints  of  the  sleepei*s.  For 
curves  of  less  than  20  chains  radius,  the  rails  were  to 
be  bent  to  the  true  curve  by  a  proper  machine. 
Swaging  or  bending  by  blows  was  not  permitted. 
Before  the  paving  was  laid,  the  rails  were  straight- 
ened and  surfaced.  The  rails  and  sleepers  were 
forced  together  by  means  of  cramps,  before  the  fas- 
tenings were  driven.  The  cramps  were  used  for  each 
hole,  and  were  screwed  up  as  near  to  the  fastenings 
as  possible. 

The  longitadinal  sleepers  were  laid  in  pairs,  and 
the  ends  were  cut  true  and  square.  As  in  the  Liver* 
pool  line,  they  were  tied  together,  except  where  cross 
sleepers  were  used,  at  every  joint,  and  at  intervals 
of  from  4  feet  to  5  feet,  with  wrought-iron  tie-bara, 
2  inches  deep  by  f  inch  thick,  having  dovetail  ends, 
made  of  best  merchant  iron.  These  are  let  into 
dovetail  gtooves  in  east-iron  dip-chairs,  fitted  tightly 
i^on  the  longitudinal  sleepers,  and  nailed  to  them 
witli  |-inch  nails,  2|  inches  long.  The  cross  deepers 
used  at  the  points  and  crossings  are  united  to,  and 
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act  aa  ties  for,  the  longitudinal  sleepers,  by  two 
priirs  of  cast-iron  brackets,  each  longitudinal  sleeper 
being  lodged  between  the  brackets  of  each  pair,  and 
fixed  to  them  with  ^-inch  spikes,  3|  inches  long, 
ohiael-pointed  and  round-headed,  four  spikes  for  each 
bracket.  The  joints  of  the  rails  are  supportied  bj 
joint-plaiee  of  best  merchant  wrought  iron,  |  inoh 
thick,  8  inches  wide,  and  8  inches  long,  rounded 
at  the  angles,  and  let  flush  into  Ihe  longitudinal 
sleepers. 

The  fiutenings  for  the  raUfl  were  double-kneed 
staples,  having  8  inches  of  total  length,  made  of  iron 
I  inch  thick  and  |  inch  wide.  The  upper  part,  to  pass' 
through  holes  in  the  flanges  of  the  rail,  was  forged 
round  and  chisel-pointed ;  the  lower  part  was  jagged, 
and  was  driven  into  the  sleepers.  Each  rail  of  24  feet 
in  length  was  Ikstened  with  28  staples,  applied  to 
each  side  alternately ;  two  pairs  of  them  were  applied 
near  the  end  of  each  rail. 

Tlie  staples  and  the  other  fastenings  employed 
in  the  chairs,  brackets,  points,  &c.,  were  made  of 
Low  moor  iron. 

After  the  rails  and  the  sleepers  were  secured  to 
each  other  they  were  raised  to  the  proper  level  by 
means  of  folding  wedges,  and  were  truly  surfaced 
and  strai<^litened.  Tliey  were  closely  and  completely 
packed  with  concrete  underneath  over  the  whole  sur- 
face. The  concrete  was  finer  and  stronger  than  that 
which  was  employed  for  the  formation,  and  was  of 
the  following  compositiou : — 
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The  pomts  and  orossings  were  made  of  oast  iron, 
of  whieh  tiie  whole  of  the  upper  snrfaces  were  chilled 
to  a  depth  of  at  least  f  inoh.  Movable  tongues  were 
made  of  cast  steel. 

The  whole  of  the  spaces  between  the  rails,  with 
the  18-inch  breadths  at  the  outer  sides,  were  paved 
with  the  best  whinstone  causeway  sets,  from  to 
4  inches  wide,  and  C)  inches  deep,  laid  on  a  bed  of 
good  sharp  sand,  1  inch  thick.  All  the  sets  were 
to  be  dressed  true  and  square,  and  free  from  cracks, 
chips,  rounded  or  broken  angles,  or  hollows  in  the 
sides.  The  paying  was  laid  in  straight  parallel 
courses  across  the  way,  bordered  at  each  side  with 
a  longitudinal  course  of  sets  3  inches  wide,  upon 
which  the  macadam  of  the  common  roadway  abutted. 
When  the  stones  came  in  contact  with  the  chairs 
and  the  brackets,  they  were  to  be  carefully  cat  with 
a  chisel  hy  a  mason  to  fit  the  work — ^not  to  be 
broken  witii  a  hammer. 

The  sides  of  the  roads  next  the  tramways  were 
made  up  with  broken  granite  or  whinstone.  The 
paving  was  well  rammed,  and  the  joints  were  partly 
filled  with  coarse  dry  gravel,  run  with  best  British 
asphalte,  and  covered  with  sand.  The  upper  surface 
of  the  paving  finished  fiush  with  the  surface  of  the 
rails. 
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CHAFTEB  YHL 

BEOONSTBUOTIOir  OF  THB  HOBTH  MBTBOPOLITAN 
TIU1CWAT8 — PABTIOULABS  OF  COST  OF  LOimOV 
TBAMWATB. 

Thb  BjBtem  of  oonstraetioii  of  the  Yale  of  Clyde 
TramwajB,  which  has  jurt  been  illofltrated  and  de- 
scribed, is  typical  of  what  Mr.  Hopkins'  general  prac- 
tice has  been  nntil  within  the  last  year  or  two.'  In 
the  woric  of  reconstmcting  the  Noith  Metropolitan 
Tramways,  now  in  progress  (1877),  he  has  aban- 
doned the  cast-iron  chairs  or  clips,  with  the  dove- 
tailed cross  tie-bars,  for  connecting  the  rails,  and  has 
substituted  a  tie-bar,  fig.  3 o,  of  the  same  scantling  as 
before,  formed  with  a  |-inch  bolt  at  each  end,  which 
is  passed  through  each  longitudinal  sleeper,  and 
screwed  up  with  a  shallow  nut  outside.  The  tie- 
bar  is  brought  up  with  a  square  shoulder,  on  a  washer, 
to  the  inside  of  each  sleeper ;  the  nut  is  only  i  inch 
thick,  to  minimise  the  projection,  and  consequent 
interference  with  paving,  at  the  other  side  of  the 
sleeper.  The  existing  foundation  is  partly  renewed 
by  the  excavation^  under  each  sleeper,  of  a  shallow 
trough  in  the  concrete,  1^  inches  deep  and6  or  7  inches 
wide.  This  troogh  is  filled  with  fine  ooncrete,  in 
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which  tlio  longitudinal  sleepers  are  imbedded  to  a 
depth  of  half  an  inch.  The  sleepers  are  4  inches  wide 
and  5  inches  deep,  rebated  to  fit  the  rails  ;  they  are 
bedded  at  their  joints  on  plates  of  fir,  8  inches  wide 
and  2  inches  thick,  let  into  the  foundation.  The  rails 
are  of  steel,  weifrhing  (SO  pounds  per  yard.  They 
aro  8 1  inches  wide  at  the  surface,  2|  inches  deep  ' 
over  the  flanges,  and  inches  thick.  They  re- 
semble, in  section,  the  Yide  of  Clyde  rail ;  they  have 


Fm.  S3.  Vocth  Metropolitan  Tramways Method  of  SoeonttmetioD. 

ScalObf 

the  same  total  depth,  but  they  are  not  so  thick  as 
che  other  rail.  The  groove  is  1^  inches  wide  and 
J  inch  deep,  leaving  only  -^^  inch  of  metal  below  the 
groove.  The  tread  is  2  inches  wide,  and  it  is  very 
slightly  rounded.  The  flanges  are  f  inch  thick  at 
the  edge.  Each  rail  of  2  i  feet  in  length  is  fa.stened 
by  25  staples,  placed  at  a  pit^di  of  2  feet  7  inches  at 
each  side,  except  those  at  the  ends,  where  there  aie 
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two  pairs  of  staples,  of  which  one  pair  is  distant 
\\  inches  from  the  end  of  the  rail,  and  the  second 
2)air  is  3  inches  farther  off. 

Mr.  Huntingdon'  gfres  particnlara  of  the  con- 
tractor's char^  for  constmcting  the  way  of  the 
London  Tramways,  from  data  obtained  by  him  three 
or  four  years  a^o.  They  may  be  taken  as  approxi- 
mate costs  for  London  tramways.  The  gau^e  of  the 
wa}'  is  4  feet  8^  inelies ;  the  interspace  between  the 
lines  is  4  feet.  The  rails  were  fixed  with  staples  on 
kyanised  longitudinal  sleepers,  21  feet  long,  with  four 
transverse  sleepers,  bolted  with  J-inch  bolts  and 
nuts  to  the  gnuge.  The  staples  were  f  inch  in  dia- 
meter. Tlie  fish-plates  at  the  joints  were  9  inches 
long  and  %  inch  thick,  let  into  the  longitudinal 
sleepers.  The  sleepers  were  bedded  in  Portland- 
cement  concrete,  6  inches  deep,  npon  which  the 
paying  was  laid. 

London  TKAiiwAYs. — Single  Linb. 

Rails,  60  Ibe.  per  yard,  ties,  spikes,  boltSy  f.  d» 
staples,  Hshesi  &e. }  xuls  at  £10.  lOi., 

delivered   10  6 

Timber  creof^otfd  and  sliiqn'd     .       .       .  2  0 

Tixing  and  laying,  iuciudiug  cros:^iiigs      .  1  0 

Miiintiwiaiww  for  one  year  ....  0  6 
Oontiiigenciefl,  cartage,  lights,  watching, 

waste,  and  cutting       ....  1  6 

Bisk  and  profits,  10  per  cent   ...  1  6 

Total  .      .      .      .      .     17  0 
1,760  yards  at  \7s.  =  £1,4S)G,  say  £1,500  per  mile. 


'  Pi'Qcct'diiujs  of  tlie  Institution  of  Civil  EugiiwcrSf  vol.  1.  1877, 
page  28,  in  the  discussion  of  Mr.  Robinson  Souttar's  Paper  on '  Street 
Tramways.' 
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The  cost  for  paving  witb  granite  stones,  7  inches 
deep,  for  a  double  road,  with  concrete  bottom,  was 
as  follows : — 

DoiniLB  Ldtb. 

Periqnan 
jard 

Gnmte  pftTing  aets  7  beh«e  deep,  to  tram-  d. 

ways  18  feet  wide,  materials  and  lalwur  11  0 
Concrete,  nveTatrin?  C  inches  deep,  including 

exeavatiou  and  removal  of  road  .  .  1  l» 
Contingencies,  grouting,  carting,  watching, 

removing  materials,  and  aendinp  .  .  10 
MiinteiiaiMe  for  one  jeer  ....  0  8 
Biak  end  piofit,  10  per  cent.    ...      1  8 

Total  ir»  0 

1,700  yards  x  6  yards  x  16*. »  £7,920,  saj  £8,000  per  mUe. 

The  cost  for  paving,  single  line,  is  half  the  above- 
given  amount,  or  i04,OOO ;  and  the  total  cost  of  the 
tramway  is  made  up  thus : — 

Per  mUe 

Way  £1,500 

FaTing  4,000 

Per  mSle,  single  line   .      .  £6,600 

or  £11,000  per  mile,  double  line. 

Extra  works,  crossings,  and  sidings  are  not  in- 
cluded in  these  estimates. 

Inclines  and  Curves  on  Tramways  in  London. — 
The  steepest  gradient  of  considerable  length  on 
the  North  Metropolitan  system,  is  one  in  the  City 
Boad,  of  about  I  in  40,  on  the  approach  to  the 
'Angel'  at  Islington.  There  are  short  pieces  at  the 
crossings  of  canal-bridges  of  about  1  in  25.  The 
carves  axe  of  40  feet  radios;  with  reverse  cnrves  of 
50  feet  radius. 
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On  the  London  Street  Tramways  the  gradients 
are  easy,  excepting  a  short  pieoe  of  1  in  23<.  The 
quickest  cnrres  haye  a  radius  of  30  ISset. 

On  the  London  Tramways  the  preyaiUng  gradient 
is  1  in  60,  bnt  there  are  gradients  of  1  in  30. 
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lEON  WATS  :  —  LIVESEY'S  —  COCKBURN-MUIR*S  —  KIN- 

caid's — dowbon's — schenk's. 


Litbsbt's  Iron  Way. 


Mb.  James  Livesey,  so  early  as  in  1869,  advo- 
cated the  use  of  an  iron  substructure  for  tramways, 
constructed  on  the  principle  of  modern  railways, 
with  intermittent  bearings :  substituting  for  the 
continuous  wood-sleeper  system,  with  the  objection- 
able vertical  spike- fastenings  then  in  vog^e,  a  rail 
of  sufficient  stiffness  sup- 
ported on,  and  solidly  and 
simply  fixed  to,  cast-iron 
bearings  or  stools  at  inter- 
vals. In  his  patents  of  that 
year  he  showed  several  varie- 
ties of  iron  and  steel  tram- 
way, of  which  two  kinds, 
shown  in  figs.  34  to  37,  were 
laid  to  a  gauge  of  4  feet 
8i  inches,  in  the  City  of  Buenos  Ayres,  the  first 
section  having  been  opened  in  October  1870. 


Fio.  34.  Buenos  Ajrea  Tram- 
ways : — Livosej's  Steel  Rail 
System.   Scale,  ^. 
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The  steel  groove-rail,  figs.  34  to  86^  was  employed  • 
for  tlie  city  lines.  It  weighed  40  poimds  per  yard,  and 
it  was  rolled  in  lengths  of  24  feet.  It  is  3^  indies  wide, 
and  2f  inches  deep  at  the  rolling  side,  being  formed 


Fto.  S5.  Buenos  AjxM  Tramways -.—IiiTaaej's  Steel  Bail  Sjitem. 

Scale,  y^. 

with  deep  flanges,  so  as  to  derive  the  practical  maxi- 
mum of  strength  for  a  given  quantity  of  material. 
The  tread  is  1}  inches  wide ;  the  groove  is  1|  inches 
wide,  and  W  inch  deep.  The  width  of  the  groove 
is  more  than  is  nsnal  in  English  tramways,  bat  the 


Fio.  36.  Liveee/s  Steel  Bail.  Scal^  \. 

width  is  not  inconveniently  great,  as  the  narrowest 
wheel-tyres  of  common-road  vehicles  at  Buenos 
Ayres  are  8  inches  in  width.  The  least  thickness 
under  the  tread  is  }  inch,  and  at  the  sides,  inch. 
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The  rails  are  laid  on  stools,  which  are  placed  at 
distances  of  3  feet  apart  between  the  centres  ;  except 
at  the  joints  of  the  rails,  where  an  extra  stool  is 
placed  under  the  joint.     The  stools  are  bolted  to 
base-plates  of  wrought  iron,  corrugated:  two  stools  to 
each  base-plate,  except  at  the  joint,  where  there  are 
tihree  stools  on  the  base-plate.  The  base-plates  are  4  feet 
6  inches  in  length,  5^  inches  wide,  and  ^  inch  thick. 
The  stools  are  each  3^  inches  long,  and  a^ord  a  bear- 
ing of  that  length  for  the  rail.   The  rail  is  rolled  so 
as  to  form  a  dovetail  with  the  stool,  and  by  means 
of  wedge-shaped  keys  it  is  held  firmly  down.  At 
the  joint,  the  lails  are  fixed  to  the  chair  by  two 
wedge-headed  bolts  and  nuts.   The  sides  of  the  rails 
are  flush  with  those  of  the  stools,  and  together  they 
t)ffer  vertical  walls  for  the  close  abutment  of  the 
pavement.    Mr.  Livesey  is  of  opinion  that  in  deal- 
ing with  such  hard  and  rigid  materials,  wrought- 
iron  is  preferable  to  cast-iron  as  a  material  for  the 
base;  and  that,  on  the  contrary,  cast-iron  is  preferable 
to  wrought-iron  for  the  standards  or  stools,  since  the 
greater  mass  of  cast-iron  absorbs  the  blows  of  the 
traffic,  and  does  not  impart,  like  wrought-iron,  a 
tremulous  movement  to  vehicles.   The  rails  are  tied 
to~gauge  by  wrought-iron  tie-bars,  1^  inches  deep  and 
f  inch  thidc,  at  distances  of  3  feet  apart.   They  pass 
through  the  stools,  and  are  notched  to  fit  into  them, 
and  keyed  into  position. 

The  quantities  and  the  costs  at  current  prices, 
(July  1877),  are  as  follows: — 
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Lxtbbbt'b  Gbootid-eaik  Tbaxwat,  m  Milb,  Sor&Li  Ijn. 

Tom. 

440  lengdu  of  tteel  grooved  raab,  S4  feet  loqg,  et 

40  lb8.  per  yard,  63 

440  X  4  a  1,760  wroughtriron  baae-plat6S|  22^  lbs. 

eacli,  17*75 

440x8-8/S20  cast-iron  ttoolB,9|lfaB.  each. 
440  „  joints,  1611m.  eaeh.  .j^^ 

440  X  4  - 1,760 wiooght-izon  tie-ban,  10}  Iba.  eaeh,  8 
1,760  X  2-3,520  cotters,  6  oz.  each       .       ,       .     0  60 
3,520  +  440  -  3,060  x  2  =  7,020  bftse-bolts,  7  ox.  aaeh  1*60 
3,620  wroiig-ht-iron  bent  keys,  1  \  lb.  each     .       .  2 
440  X  S  «  880  wrought-irpn  joint  bolts,  1  lb.  each,     0  40 

Total  uralght  per  mile,  ongla  line .      .  Ill'd6 

Taken  at  £9  per  ton,  in  the  gross,  the  cost  for 
the  material  amounts  to  £1,002  per  mile. 

The  tnimways  which  hiivo  been  made  with  timber 
substructures,  in  Buenos  Ayres,  are  being  taken  up 
and  replaced  by  iron  tramways. 

The  second  kind  of  tramway,  fig.  37,  used  in 
the  suborbau  districts  of  Buenos  Ayres,  has  a  flanged 

or  Vignoles  rail,  such  as  is  used 
on  railways,  except  that  it  is  rolled 
with  the  flange  narrower  at  one 
side  thaa  at  the  other,  to  admit  o^ 
the  paving-sets  at  the  outer  side 
beiDg  laid  close  to  the  head  of 

F.o.87.B««H»Ay«.  ^  ^he  extra  width  of 

TramwuvB :— Lire-  flange  at  the  ioner  side,  deter- 

the  pavement  for  tiie  whed-flanges, 
and  it  acts  as  abntment  for  the  contignons  paving- 
sets.  Hie  rail  is  placed  on  a  cast-iron  stool,  to  which 
it  is  fixed  hj  ahook-bdt  and  nnt ;  the  stool  is  bolted 
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to  a  flat  wrought-iron  base-plate,  which  rests  on  the 
foundation.  The  stools  are  tied  to  gauge  by  means 
of  cross-bars  and  cotters. 

There  are  now  nearly  one  hundred  miles  of  tram- 
ways laid  on  Mr.  Livesey's  system,  in  the  City  of 
Buenos  Ayres.  This  may  be  called  the  City  of 
TramwayB»  where  a  tramway  runs  down  nearly  e?exy 
street. 

In  this  connection,  it  may  be  noted  that  Mr. 
Livesey,  in  his  patent  of  Febroaxy  IS76,  describes  a 
method  of  maintaining  the  stone  sets  in  the  pave- 
ment next  the  rails,  at  the  same  level  as  the  rails. 
The  rail  is  laid  on  a  longitudinal  sleeper,  which 
zests  on  a  'flat  plate  snffidently  wide  to  project 
nnder  the  first  row  of  stones  on  each  side  of  the 
rail/ 


OoGKBirBir-Muia's  laoii  Wat. 

Mr.  W.  J.  Cockburu-Muir  patented,  in  No- 
vember 1870,  a  system  of  iron  way,  for  railways, 
light  railways,  and  tramways,  of  simple  design, 
which  he  calls  the  *  Block-sleeper '  system,  in  which 
the  rail  is  supported  at  regular  intervals  on  cast- 
iron  stooU  or  blocks.  It  is  shown  in  figs.  38,  39,  40, 
as  employed  for  tramways.  The  rails  are  of  wronght- 
iron,  rolled  in  lengths  of  21  feet;  they  are  formed 
with  the  osdinazy  groove  on  the  npper  side,  and 
with  a  vertical  web  on  the  nnder  side,  to  im- 
part to  the  rails  the  needM  vertical  strength  between 
the  bearings :  they  weigh  30  pounds  per  yard,  and 
are  8  inches  in  width.  The  sleepers  are  cast  blocks. 
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rectangular,  hollow,  open  at  the  base,  and  ribbed 
interiorly.   They  are  about  11 J  inches  long,  7  J  inches 


Fio.  38.    Cockburn-Muir's  Iron  Way  at  Monte  Video,  &c. 

wide,  and  6  inches  deep,  outside  dimensions  ;  and,  for 
ordinary  traffic,  they  are  laid  at  3  feet  6  inches  apart 


Fio.  39.    Cockburn-Muir's  Iron  Way :— View  of  sleeper  and  rail. 

between  centres.  The  span  between  the  sleepers  is 
only  2  feet  6J  inches.    They  are  laid  upon  the  floor  of 
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the  excavation,  or  upon  a  prepared  bed  of  concrete. 
In  laying,  they  are  turned  upside  down,  filled  with 
gravel  or  coarse  sand,  and  closed  with  a  hand-board, 
then  returned  into  place  when  the  board  is  slipped 
out.  The  weight  of  each  block  is  from  43^  to 
48  pounds,  accordiDg  to  the  nature  of  the  traffic. 
The  blocks  are  chequered  on  the  upper  surface  to 
give  foothold  $  they  act  as  paving  sets,  and  become 
integral  portions  of  the  paving  of  the  streets.  As  the 
sleepers  alternate  with  stone  sets  next  the  rails  at 
each  side^  the  formation  of  ruts  or  farrows  at  the 
sides  of  the  rails' is  prevented. 


Fio.  40.  Coekbuio  Hair's  Iron  Way  :~BaiI,  sleeper,  and  fastenings. 


The  rails  are  rolled  with  a  fillet  on  the  outer 
side,  to  fit  into  a  corresponding  groove  in  the  re- 
cess of  the  blocks.  The  recess  is  formed  to  receive 
the  rail,  which  fits  it  exactly,  except  at  the  outer 
side  of  the  rail,  where  a  key  or  wedge  of  cast  iron, 
13  inches  long,  is  driven,  taking  a  bearing  for  the 
whole  length  of  the  block,  and  fixing  the  rail  to  the 
block.  As  the  rail  rests  solidly  on  the  block  for  its 
whole  lengthy  the  key  also  acts  as  a  fish  at  the  joints 
of  the  rafls,  and  the  actual  span  of  the  rail  is  re- 
duced to  the  distance  between  the  sleepers,  or  2  feet 
6^  inches. 

The  sleepers  are  connected  transversely,  and 
tied  to  gauge,  by  wrought-iron  bars,  which  are 


Scale,  ^ 


Digitized  by  Google 


78  IRON  WAYS. 

•« . 

passed  right  through  the  blocks,  into  which  thej  are 
keyed  at  the  outer  side. 

The  depth  of  the  sleepers  affords  space  for  a 
^-inch  bed  of  sand,  and  paving-sets  h\  inches  deep. 

Mr.  Cockburn-Muir's  system  has  been  adopted 
for  all  the  tramways  at  Monte  Video.  It  is  also  in 
nse  at  Buenos  Ayres,  Salto  and  Bahia,  and  short 
lengths  have  been  laid  at  Yienna  and  at  Palermo. 
At  Monte  Video,  the  gauge  of  one  of  the  lines  is 
4  feet  lOf  inchesy  and  that  of  all  the  others  is  4  feet 
8^  inches.  At  Bahia,  one  part  of  the  line  is  laid  to  a 
gauge  of  4  feet  Sinchesy  and  another  part  to  a  gaoge 
of  2  feet  5^  inches.  At  other  places,  this  system  has 
been  adopted  on  a  gauge  of  4  ibet  8^  inches. 

The  qnantities  of  iron  per  single  mile  of  4  feet 
8^  inches  gauge,  are  as  follows : — 

W.  J.  OooKBtnur-MmB's  Tbamwat,  feb  Mna,  Snroui  liiin. 

t.    o.  q. 

Hails,  wrougbt-iron,  at  30  IIm.  per  yaid.      .   47   3  0 

«^30  tie-bire,  at  7^  lbs.  each  .  .      .     2  13  3 

I,060cotter8fortie-l)ar8,  atO-lClb.  each  .  0  2  1 
3,018  block  sleepers,  at  ^\  lbs.  each  .  .  68  12  1 
3,018  wedge  keys,  at  2^  Ibe.  each  .      .  .372 

Totalwdg^t  .  Ill  18  8 

The  cost  of  the  materials  complete  amounts  at 
present  (1877)  to  about  :6870  per  mile,  single  line. 

Portions  of  Mr.  Cockbum-Muir's  rail,  weighing 
30  pounds  per  yard,  are  tested  regularly  by  Mr.  Kirk- 
aldy,  as  the  rolling  proceeds,  for  transverse  strength, 
at  the  rate  of  one  sample  for  every  100  rails.  The 
test-rails  are  laid  on  a  span  of  2  feet  6^  indies 
between  the  supports,  and  they  are  tested  by  loads 
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applied  at  the  middle.  The  following  are  average 
xesiilts  of  tests  of  ten  specimens  of  rail : — 

Total  load  applied   5,000  lb.  or  2*23  tons  6,800  lb.  or  3*03  tons. 

Defleetion  .         *ldmcli  .  *60ineh. 

Set     .      .      .   *01]iidi  .           .  *41iiich. 

Elastic  limit  of  load       ....  5,300  lb.  or  2*32  tons. 

Ultimate  load  applied    ....  9,073  lb.  or  tooa. 

All  the  specimens  were  removed  unbroken.  Mr. 
Cockburn-Muir  states  that  the  greatest  weight  which, 
in  practice,  comes  upon  the  rail,  does  not  exceed  3,500 
pounds,  or  1*12  tons.  This  is  just  about  half  of  the 
elastic  strength  of  the  rail. 


lUiraoMis,  DsA^,  ABD  Bapibb's  Iron  Wat. 

This  system — a  cast-iron  way  laid  on  concrete- 
is  noticed  in  this  place  for  the  sake  of  historical  se- 
qxtenoe.  It  was  patented  in  December  1869,  and  a 

tramway  on  this  system  was  laid,  in  1870,  at  Glasgow 
Harbour.    It  is  fully  described  in  Chapter  IX. 


Kincaid's  Ikon  Wat. 

'  Mr.  Joseph  Kincaid  seemed  his  first  patent  in 
March  1872,  for  his  system,  in  the  forms  illustrated 
by  figs.  41  to  48 ;  of  whidi  figs.  41  and  42  show 
rails  of  the  ordinary  construction  at  that  period, 
'supported  at  snitable  distances  apart  npon  sup- 
ports formed  with  a  flat  base,  and  having  an  open 
space  in  the  centre.  Prom  the  base,  the  support 
for  the  rail  rises,  having  an  open  apace  or  passu  i^o 
through  it,  in  order  that  the  concrete,  in  which 
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the  sux^port  IB  imbedded,  maj  enclose  and  sor* 
round  it,  so  that  it  may  be  solidly  imbedded 


Fio.  41.  Kiocaid'a  Iron  Way,  m  patented. 

therein.'  The  rail  was  fixed  to  the  chair  by  a  ver- 
tical spike  through  the  groove,  driven  into  a  hard- 
wood ping,  which  was  previonslj  forced  into  a  round 
hole  in  the  top  of  the  stool  or  support.    As  an 


mm 


Fio.  43.  Kineaid'e  Iron  Way,  aa  patented. 

alternative  method  of  attachment,  the  rail  might 
Jbe  fixed  to  the  stool  by  side-fastenings  cousisting  of 
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spikes  driven  ttrougli  holes  in  lateral  flanges  of  the 
rail,  made  sufficiently  deep,  into  plugs  imbedded 
horizontally  in  the  head  of  the  stool. 

Mr.  Kincaid  showed  also  a  method  of  fixing 
rails  of  T  section,  fig.  43,  consisting  of  an  uppe 
table  with  a  vertical  flange  or  web,  which  was  let  into 
a  slot  in  the  head  of  the  stool,  and  fixed  there  by  a 
horizontal  taper  cotter. 

His  first  experiment  was  made  on  a  piece  of  the 
Headingley  branch  of  the  Leeds  Tramways,  a  quarter 
of  a  mile  in  length,  which  was  laid  with  the  rail. 


Fio.  43.    Kincaid's  Iron  Way,  as  patented. 


47i  pounds  per  yard,  fixed  to  cast-iron  stools  at  3  feet 
centres. 

In  the  design  of  the  first  portion  of  the  Sheffield 
Tramways — the  line  to  Attercliffe — which  was  opened 
in  October  1873,  on  his  iron  system,  Mr.  Kincaid 
employed  a  rail  weighing  50  pounds  per  yard.  It 
had  2^  pounds  per  yard  more  metal  than  the  experi- 
mental rail  at  Leeds,  and  was  of  a  much  better  sec- 
tion, having  lateral  flanges  1}  inches  deep.  Sup- 
ported on  cast-iron  bearings  3  feet  apart,  the  rail 
was  found  to  be  sufficiently  strong  and  stiff.  Thp 
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paving,  5  inches  deep,  was  laid  on  a  bed  of  ashes 
3  inches  deep,  and  was  grouted  with  an  asphaltic  com- 
position— pitch  and  tar.  In  excavating  for  the  work, 
the  ground  was  first  removed  to  a  uniform  depth  of 
8  inches  for  the  whole  width  of  the  way,  and  holes  were 
du^  to  receive  the  foundations  of  concrete  and  the 
stools  for  supporting  the  rails.  The  groove  of  the  mil, 
it  may  be  remarked,  was,  by  superior  order,  made 
only  1  inch  wide  at  the  sux&ce.  It  proved  to  be 
loo  narrow,  and  it  bound  the  car-wheels  on  sharp 
curves. 

The  Dewsbuiy,  Batley,  and  Birstal  Tramway, 
for  which  Mr.  Malcolm  Paterson  and  Mr.  €k>mer8all 
successively  were  engineers,  constructed  in  1874-75, 
was  laid  on  Mr.  Kincaid's  system,  according  to  his 
first  patent^  of  1872.  The  total  length  of  the  line 
— single  line — is  3*325  miles,  opened  in  sections  suc- 
cessively as  follows  :— 

HUM 

Bmlmxy  to  BaUey  .      .  1-836  ...   Jti]7  26, 1874 

Batley  to  Oarlinghow       .    I         ...   March  25, 1876. 
Oarlinghow  to  Bintal      .  1        ...  June  23, 1876. 

d'S86 

There  are  ten  sidings,  eight  of  which  are  GO  yards 
long,  and  two  are  55  yards  long.  The  line  is  on 
an  easy  gradient  of  about  1  in  200,  falling  all  the 
way,  with  slight  exceptions,  from  Birstal  to  Dews- 
bury. 

The  rails  are  of  wrought  iron,  and  weigh  11  pounds 
per  yard.  They  are  H  j  inches  wide  and  2  inches  deep, 
and  are  carried  on  chairs  3  feet  apart  between  cen- 
tres, to  which  they  are  secured  by  vertical  spikes 
through  the  bottom  of  the  groove.   The  chairs  were 
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laid  in  concrete,  run  in  with  pitch,  and  the  rails 
were  packed  nndemeath  with  a  concrete  composed 
of  vaaiSi  broken  stone  and  pitch. 

The  paving  consisted  of  Dalbeattie  granite  sets, 
of  which  those  laid  between  the  rails  were  4-iiich 
cubes,  iiml  those  hiid  in  tho  18-incli  breadths  outside 
were  0  inches  deep.  They  were  <^n'outed  witli  pitch. 
The  paving  was  laid  on  a  foundation  consisting  of  a 
2- inch  layer  of  broken  stone,  covered  with  a  4-inch 
layer  of  aslies. 

The  cost  of  construction  of  the  first  2^  miles — • 
from  Dewsbury,  through  Batley,  to  Carlinghow — in 
a  paved  road,  amounted  to  £4,600  per  mile ;  whilst 
the  last  mile — from  Carlinghow  to  Birstal — ^in  a 
macadam  road,  was  constructed,  with  paying  com- 
plete, for  £4,000. 

Mr.  Kincaid,  in  his  second  patent,  of  Jannary 
1876,  introduced  seyeral  improyements  in  the  details 
of  his  iron  system  of  tramway.  He  widened  the 
body  of  the  stool,  or  chair,  to  the  same  breadth  as 
the  rail,  flush  with  it  yertically,  and  thus  widened 
the  bearing  for  the  rail  by  taking  in  the  flanges, 
and  presented  an  even  surface  as  an  abutment  for 
the  paving-sets.  He  employed  a  rail  like  that  of  the 
Dewsbur}'  line,  hollowed  out  under  the  tread,  and 
formed  the  head  of  the  chair  to  fit  into  and  take  a 
bearing  in  the  hollow.  For  the  vertical  pings  and 
spikes  he  substituted  horizontal  plugs  in  the  chair, 
with  staples  as  side-fastenings  for  binding  the  rail  to 
the  chair. 

One  of  the  most  recent  applications  of  Mr.  Kin- 
caid's  way,  at  Bristol,  is  illuslarated  by  Plate  III.,  to 
be  afterwards  described. 

o  2 
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In  the  tramways  now  (October  1877)  being  Iftid 
at  Adelaide,  New  South  Wales,  Mr.  Eincaid  applies 
a  cross  tie-bar  thiongh  each  pair  of  joint-chairs,  in 
order  to  compensate  for  an j  want  of  stiffioess  that 
may  result  from  the  absence  of  paving. 


Dowson's  Ikom  Wat, 

Messrs.  J.  E.  &  A.  Dowson  devised  a  system  of 
iron  permanent-way,  with  continuous  bearing,  in 
Tarioos  forms,  patented  in  1871,  and  in  March  1878.  . 

The  Madras  Tramp 
ways,  consisting  of 
1 1  miles  of  single 
line,  to  a  prange  of 
1  metre,  opened  in 
1874,  were  construc- 
ted according  to  one 
of  the  forms  patented 
in  1873,  fig.  44.  The 
—  ^  rail  was  of  wrought 
fto.  44.  Dowson's  Iron  Way. — ^MadiM  iron— an  ordinary  flat 

Tramways.   Scale.  J.  grooved  rail.     It  WaS 

laid  on  a  series  of  cast-iron  sleepers,  which  over- 
lapped laterally  at  the  ends,  where  they  were  bolted 
together,  and  afforded  a  continued  bearing  for  the 
rail.  The  sleepers  were  formed  with  fitting-strips, 
by  which  they  were  levelled  to  receive  the  rail,  and 
the  fastenings  consistod  of  vertical  bolts,  with  coon- 
tersiink  heads,  through  the  groove  of  the  rail,  cot- 
tered  to  the  sleepers. 
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The  Tails  were  1  inch  thick  and  8}  inches  wide,  and 
thejweighed  26ponnds  per  yard.  Thesleepersweighed 

40  ponnds  per  yard,  as  laid; 
they  were  2  feet  in  length,  of  a 
flanged  form,  4^  inches  deep 
and  2  inches  wide.  The  width 
of  bearing  surface  on  the  foun- 
dation, which  was  of  concrete, 
amounted  to  4  inches.  The 
sleepers  were  tied  transversely 
with  hook  tie-bars  at  intervals. 

Messrs.  Dowson   have  re- 
cently matured  another  and  a 
better  form  of  their  system  of 
way,  shown  in  figs.  45  to  47. 
The  sleepers  are  formed  with 
half-lap  ends,  and  are  made  up  | 
into  lengths  of  2  feet  6  inches,  g 
when  laid  and  bolted  together. 
They  are   double-flanged,   4  1 
incheswideatthebase,l^inche8  *| 
wide  at  the  npper  snrfiuse,  and 

41  inches  deep.   The  metei  in 
the  body  of  the  casting  is  abont  \ 

inch  thick ;  in  the  stifEbning 
flange  and  the  web  it  is  ^  inch 
thick.  The  ends  are  connected 
by  means  of  a  wrought-iron 
double-headed  clip  near  the  sole; 
at  the  up2>er  table,  they  are 
formed  with  bevel  edges,  which 
enter  corresponding  angl<  's  in  the  lower  side  of  the  rail. 
They  axe  forced  apurt  into  these  recesses  by  a  wrought- 
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iron  wedge  fitted  between  them»  half-way  between  the 
top  and  the  bottom,  and  tightened  by  a  screw-end 
and  a  nut.  As  the  wedge  is  sitnated  midway  between 

the  clip  below  and  the  rail  above,  the  tightening  of 
the  wedge,  by  which  the  lap-ends  are  parted,  is  re- 
sisted simultaneously  by  the  clip  and  the  rails;  the 
rails  by  the  wedge  form  of  the  surfaces  are  drawn 
down  upon  the  sleepers,  and  thus  a  tight  fastening 
of  the  sleepers  to  each  other,  and  of  the  rails  to  the 
sleepers,  is  effected.  The  sleepers  weigh  35  pounds 
per  yard  as  laid. 


Ro.  46.    DowBon's  New  Ijon  Fio.  47.    Dowbod'h  New  Iron 

Way. — Section  at  B  B,  fig.  45.  Way. — Section  at  A  A,  fig. 

8eate,i.  45.  Sealo,^. 

The  rails  are  of  wrought  iron,  and  weigh  30  pounds 
per  yard  ;  they  are  3^^  inches  wide  and  1  inch  thick  at 
the  tread.  They  are  formed  with  two  under- flanges, 
one  at  each  side,  '\  inch  deep  and  §  inch  thick,  which 
are  inclined  inwards  in  order  to  clip  the  ends  of  the 
sleepers,  as  already  described.  The  rails  take  a  con- 
tinuous bearing  on  the  upper  tables  of  the  sleepers, 
and  also  by  their  flanges  upon  the  stiffening  ribs  of 
the  sleepers,  which  are  formed  with  flat  snifiMeB  to 
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reoeiye  fhe  rails.  Ab  fhe  flanges  are  alN>ye  2  inches 
apart,  whilst  the  upper  table  of  the  sleeper  is  only 
1^  inches  wide,  lateral  clearance  is  left  between  the 
flanges  and  the  table,  for  the  whole  length  between 
the  ends  of  each  sleeper,  soffidentlj  wide  to  admit  of 
the  rails  being  bent  to  tiie  cnrves  of  the  line,  and  at 
the  same  time  to  be  laid  on  straight  sleepers.  Special 
castings,  therefore,  are  not  required  for  curves. 

Messrs.  Dowson  supply  the  following  statement 
of  the  quantities  and  cost  of  their  permanent  way  per 
mile  of  single  line : — 

I>owBOv*8  IxntovxD  Ibov  Wat,  pie  una,  Snreia  Lnns. 


@ 

% 

Cmt  of 
nitttcrials 

3,520  yards,  wrought- 

iron  rails  . 
3,620  yards,  caat-ixion 

sleepers  . 
880   tie-rods,   6  feet 

apart 

4,533  wedges  and  nuts. 
4,533  cliffl  . 
4,538  tMdMn 

Total 

lb. 

30 

35 

10 

i 

i 

t.    fi.  «.  lb. 
47  3  0  0 

65   0   0  0 

3  18   2  0 
10  10 
0  10  0  14 
0   10  0 

A 

8 

7 

13 
23 
23 
1 

£     i.  dL 

377  4  0 

335   0  0 

61    0  6 
23   6  9 
11  13  0 
10  0 

107  12  3  14 

848  3  3 

Sghenk'b  Iboh  Wax. 

Mr.  A.  0.  Sehenk  has  annuiged,  and  he  patented 
in  December  1876,  an  iron  way  designed  for  the 
operation  of  mechanical  tractive  power,  fig.  48.  It 
may  be  classed  as  a  mixed  system  of  iron  rails 
and  chairs,  and  wood  sleepers ;  and  consists  of  two 
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wrougbt-iron  rails  of  considerable  deptb,  like  plates 
on  edge,  to  provide  great  vertical  stiffness — a  bearing- 
rail  and  a  counter-rail,  keyed  into  double  cast-iron 
cbairs  by  wood  keys — and  transverse  wood  sleepers, 
to  whicb  tbe  cbairs  are  spiked.  Tbe  bearing-rail 
and  tbe  counter-raU  are  eacb  5  incbes  deep,  and 
about  ineb  tbick  in  tbe  web.  Tbe  bead  of  tbe 
bearing-rail  is  only  1^  incbes  wide  and  about 
1}  inches  thick;  it  is  rounded  at  tbe  side,  and  takes 
a  bearing  on  the  middle  of  tbe  cbair.  The  head  of 
the  counter-rail  also  stands  Ij  inches  above  tbe 
chair ;  it  is  f  inch  thick,  and  it  rests  on  the  head 


Fio.  48.    Schenk's  Irun  Way.    6cale,  ^. 

of  the  chair  by  a  flange  which  is  rolled  upon  it.  Tlie 
net  width  of  the  groove  formed  by  the  two  rails  is 
J  inch,  and  the  total  width  of  rail-surface,  including 
the  gTOOTOy  is  3  incbes.  Tbe  webs  of  the  rails  are 
not  of  uniform  thickness,  but  they  expand  down- 
wards to  the  lower  edge,  from  a  thickness  of  -f^  inch 
to  I  inch  of  thickness.  This  expansion,  amounting 
to  inch,  for  which  the  chairs  are  correspondingly 
overhung,  is  designed  to  prevent  the  rails  from  rising 
or  tilting  off  their  seats  by  fche  action  of  passing 
loads: — 

Pomdi 

"Weight  per  yard,  Ixiariiig-rail        ...  27 
P,  ,.     counter-rail.       .       .  .23 

Toial  weight  of  raila  por  vard  .  50 
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The  rails  are  keyed  into  the  cast-iron  chairs  by 
hard-wood  keys,  1^  inches  thick,  driven  vertically  from 
the  surface  of  the  way ;  the  chairs  are  12f  inches  long 
at  the  sole,  and  are  6  inches  high.  The  middle  portion, 
or  stool,  on  which  the  rails  take  their  bearing,  is  cast 
hollow.  The  mtermediate  ehairs  weigh  20  pounds 
each,  and  the  joint  chairs  35  pounds  each.  The  chairs 
are  spiked  to  the  sleepers  hj  oak  trenails.  The 
sleepers  are  of  timber,  creosoted;  9  inches  wide, 
4^  inches  thick,  and  7  f(Bet  6  inches  long ;  they  are 
placed  8  fbet  apart  between  centres.  The  section  of 
the  bearing-rail  lends  itself  readUj  to  the  formation 
of  points  and  crossings,  and  of  curves  in  the  line. 

Qvurnxna  pbe  mils  iob  a  Snreia  liom  or  Wat,  Soebhk's 

SnniL 

t.    c.  q.  lb. 

1,760  yai-ds  of  rails  ^  50  lbs.        .     79    0  0  0 

3,080  chairs  @  20  lbs.  each    .      .     27  10  0  0 

440     „    „  35  lbs.   „     .      .      6  17  2  0 

Weight  of  iron  .      .   118  7  2  0 

7,920  hard-wood  keys. 
7,920  trenails. 

1,760  sleepers,  7  feet  6  inches  x  9  inches  x  4^  inches  each, 
creoeoted. 

The  hollow  space  between  the  rails,  formed  as  a 
gutter,  of  asplialte,  may  be  utilised  for  draining  the 
track,  if  it  is  thought  desirable.  The  continuity  of 
the  gutter  is  provided  by  the  hollow  stools  of  the 
chairs. 

This  system  has  been  designed  by  Mr.  Schenk  to 
meet  the  oljections  urged  against  the  older  systems 
of  tramway  laid  in  England,  and  to  meet  the  new 
conditions  introduced  by  the  substitution  of  me- 
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clianical  power  for  horse  power.  Mr.  Schenk  claims 
the  tbll{)wiii<^  advantages  for  his  system  1st.  By 
employiii*^  a  rail  uf  the  section  described,  one  is 
obtained  rigid  enough  in  itself  to  do  without  con- 
tinuous support.  2nd.  Rails  or  fiistenings  may  be 
renewed  without  taking  up  a  single  stone,  i^rd.  No 
fastening  of  iiun  is  employed.  4th.  The  bearing- 
rail  is  independeni  <»f  the  guard-rail,  and  the  rails 
may  be  renewed  independently  of  each  other.  5th. 
Less  rolling  surface  is  exposed  than  in  other  sys- 
tems, (ith.  The  rails  are  easily  bent  for  curves.  7th. 
The  track  may  be  drained  by  the  tisphalte  gutter. 
8th.  In  first  cost  the  system  compares  ia?ourably 
with  others. 
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PAET  II 


PRESENT   PRACTICE  OF  TRAMWAY  CONSTRUC- 
TION IN  THE  UNITED  KINGDOM, 


OHAPT£B  L 

EDi2iBUIiGH    STIiEET  TRAMWAYS,  1871-76. 

Plate  L 

The  Edinburgh  Street  Tramways,  of  which  Mr. 
John  Macrae  is  the  engineer,  have  been  entirely  con- 
stomcted  on  the  system  of  the  flat  gxooTe-raU,  laid 
on  longitadinal  sleepers,  on  a  bed  of  concrete,  illoe- 
trated  in  Plate  L  The  sereral  sections  of  the  line 
were  opened  at  Tarioos  dates  from  1871  to  1875, 
as  follows : — 


>ct.  \ 
571/ 


Oct. 
18 
Apl, 
1872 
Nov. 
1872 
Dec. 
1873 
.>fa7 
1876/ 


Double 
liJM 

Sinple 
Una 

Total 

milei  yurda 

milcB  yards 

miles  yiiub 

Ilayuiarket  and  Leith 

3  1200 

0  320 

3  1520 

Powburn   and  New- 

bgton  . 
Mormngside  and 

Grange  . 

1  1«80 

3  880 

1  1680 

3  880 

Newhavan  Branch 

360 

0  1270 

1620 

PortdbaDo  line 

770 

3  1600 

8  600 

9  1310 

3  1420 

1^5  U70 
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The  i^auf^e  of  the  way  is  4  feet  8J  inches.  The 
way  is  hiid  in  the  middle  of  the  street.  For  double 
lines  of  way,  the  lines  are  9  feet  apart  between 
centres,  and  the  total  width  is  17  feet^  contributed 
thus: — 


For  a  double  line — 

Distance  apart  of  centre  lines  of  Wftys 

Two  hnlf-widths  of  gauge 

Two  rolling  widths  of  rail — (1^  x  2  =  ) 

Two  breadths  of  18  inches  of  paving 


Feet  Inches 
9  0 

0 


4 
0 
8 


17  0 


Forftiiiigle 

Width  of  gauge  4 

Two  half-widths  of  rail  .  .  .  0 
Twobreadthsof  18  inches  of  paving  3 

8 


8* 

0 
0 


The  gradients  of  the  Edinhnrgh  Street  Tramways 
are  xiniunialljr  seTeie.  The  gradients  on  Leith  Walk, 
which  is  the  worst  section,  aro  as  follows,  com- 
mencing at  the  head  of  the  incline  on  the  leyel  of 
Princes  Street : — 


1  in  23 

.      .      .  166 

1  „  14 

.      .      .  43 

1  „  50 

161 

1  „  24 

,             .  137 

1  30 

110 

1  „  24 

71 

1  „  38 

.      .      .      .  64 

1  „  39 

.      .  106 

1  „  86 

272 

1  „  48 

100 

1  „  68 

244 

1  „  48 

218 

1  „  38 

•  i39 

Average  1  in  88 

Total  lAiv<ib  1,870  yards, 

Or  1  mile  110  yuds. 
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The  radius  of  the  curve  on  the  incline  at  the 
head  of  Leith  Walk,  is  47  feet  8  inches,  measured  to 
the  innermost  rail. 

The  incline  on  the  North  Bridge  is  1  in  17  for  a 
length  of  184  yards. 

The  average  inclination  on  the  Portobello  Road 
is  1  in  30,  for  1,500  yards.  The  steepest  incline  is 
1  in  24  for  200  yards. 

The  following  are  paxticnlars  of  the  construction 
and  cost  of  works  recentilj  constrncted  on  the  Por- 
tobello Branch.  The  contract  was  let  in  July 
1874. 

The  contractor  lifted  the  exiBting  paTcment  or 
caoaewayy  and  at  those  portions  of  the  street  where 
the  canseway-bed  was  bad,  or  which  were  macada- 
mised, the  ground  was  ezcaTated  to  a  nniform  depth, 
reckoned  at  18^  inches  h^ow  the  intended  perma- 
nent surface,  for  a  width  of  17  feet  for  a  double  line, 
and  8  feet  for  a  single  line.  The  actual  depth  of 
excavation  was  less  than  13^  inches,  for  the  level  of 
the  renewed  roadway  was  raised  considerably. 

A  firm  bottom  was  provided  for  the  concrete. 
The  normal  thickness  of  the  bed  of  concrete,  laid 
on  the  bottom  of  the  excavation,  was  6  inches ;  a 
greater  thickness  was  laid  where  it  was  necessary. 
Bat^  where  the  macadam  of  the  existing  macadamised 
roads  was  firm  enough  to  form  a  foundation  for  the 
sleeper  and  the  pavement,  the  surface  was  dressed 
and  finished,  when  excavated,  to  a  nniform  level,  to 
receive  a  thin  coat  of  conciete.  The  concrete  was 
carefnllj  beaten,  and  the  snrfiice  formed  parallel  to 
thesnr&ce  of  the  street.  The  composition  was  as 
follows : — 
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Measures 

Best  Ardoi  lime  2 

CQeaa  whinatonei  broken  to  a  die  tbat  will 

paea  tbroi^li  a  2-incli  ring  ....  4 
Qnarter-ineh FSahenow oririiinatone gravel  .  1_ 

7 

The  sleepers  are  of  red  Baltic  fir,  from  Big^a,  or  of 
pitch  pine,  4  inches  wide  and  3  inches  deep ;  rahbetted 
at  the  upper  comers  to  receive  the  fillets  of  the  rails. 
The  joints  of  the  sleepers  rest  in  cast-iron  chairs, 
6  inches  long,  the  soles  of  which  are  let  into  the  lower 
sides  of  the  sleepers,  to  present  a  flnsh  surface  to  the 
concrete  bed.  llie  sleepers  are  creosoted  with  the  best 
creosote,  to  the  extent  of  10  ponnds  per  cnbic  foot  of 
timber,  under  a  pressure  of 200  pounds  per  square  inch. 

The  sleepers  are  tied  to  gauge,  at  intervals  not 
exceeding  6  feet,  by  tie-bars  of  wrought  iron,  2  inches 
by  %  inch  thick,  kneed  reversely  at  the  ends,  and  fixed 
to  eacli  sleeper  by  a  ^-inch  bolt,  nut,  and  washer;  the 
rails  are  fixed  to  the  sleepers  by  ^-ineh  bolts,  nuts, 
and  washer-plates  at  the  lower  side.  The  bolts  are 
countersunk,  and  are  recessed  in  the  liead  for  a 
8crew-key.  All  bolt-holes  in  the  wood  are  filled  with 
Archangel  tar,  at  boiling  point,  before  the  bolts  are 
driven.  The  sleepers  are  bedded  on  a  ^-inch  lajrer 
of  firm  concrete,  composed  as  follows : — 

Portland  oement  I 

FiaheRow  gravel  3_ 

4 

mixed  and  tempered  with  water. 

The  rails  are  of  wrought  iron,  rolled  from  large 
piles  of  the  best  puddled  bars,  so  arranged  that  the 
lower  portion  of  each  rail  is  fibrous,  and  the  rolling 
surface  and  upper  portion  of  fine  granular  iron. 
The  weight  is  52  pounds  per  yaid.  The  rail  is  4  inches 
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wide,  and  \\  inches  thick,  having  two  fillets  on  the 
under  side,  one  at  each  comer,  f  inch  square.  At  the 
upper  side,  the  outer  or  rolling  surfiice  is  1}  inches 
wide,  and  the  groove  is  1^  inches  wide;  the  inner 
ledge  is  1  inch  wide,  and  is  deeply  corrugated,  having 
eighteen  corrugations  per  lineal  foot.  Tiie  depth  of 
the  groove  is  \  inch,  kniving  a  thickness  of  f  inch 
under  the  groove.  The  width  of  the  groove  at  the 
bottom  is  -j-^  inch,  and  the  splay  of  the  sides  uf  the 
groove  is  the  greater  towards  the  inner  side  of 
the  raiL  The  standard  length  of  the  rails  is  21  feet ; 
but  a  number  not  exceeding  5  per  cent  of  the  whole 
quantity  might  be  of  less  length,  in  whole  numbers 
of  eyen  feet,  none  of  them  less  than  12  feet  long.  The 
Tariation  of  length  allowed  was  \  inch.  The  rails  are 
fixed  to  the  sleepers  by  |-inch  bolts  at  2  feet  centres, 
except  at  each  end,  where  the  rail  is  fixed  by  two 
bolts  at  4i  inch  centres,  of  which  the  extreme  bolt  is 
1^  inch  from  the  end  of  the  rail.  The  bolt-holes  are 
made  throogh  the  bottom  of  the  groove,  and  the 
heads  of  the  bolts,  when  screwed  home,  are  flush 
with  the  bottom  of  the  groove. 

The  ends  of  the  rails  are  connected  by  wrought 
iron  fish-plates,  15  inehes  long,  3  inches  wide,  and 
f  inch  thick— one  plate  at  each  jonction,  let  flush  into 
the  sleeper — fixed  by  the  four  bolts  already  men- 
tioned. The  holes  in  the  plates  are  formed  oval,  being 
^  inch  wide  and  J  inch  long,  to  allow  for  sliglit  irregu- 
larities. The  weight  of  a  fish-plate  is  7  pounds. 

The  points  and  crossings  are  of  chilled  cast  iron 
or  other  materials. 

A  thin  layer  of  clean,  sharp  sand,  or  ^-inch 
Fisherrow  or  whinstone  gravel,  nuiy  be  spread  over 
the  concrete,  as  a  packing  mider  the  stones  to  make 


96 


PRESENT  PRACTICE, 


up  for  inequalities  of  surface.  But  the  stones  rest 
direct  upon  the  concrete  where  the  packing  was  not 
required. 

The  causeway  or  pavement  was  laid  over  all  the 
sui-face  between  the  rails,  and  for  a  breadth  of 
18  inches  on  each  side,  beyond  the  outermost  rails.  The 
sets  axe  8  inches  wide,  7  inches  deep,  and  of  10  inches 
ayerage  length,  except  such  as  are  required  to  match 
the  neighbouring  pavement.  They  are  of  new  grranite 
or  of  new  whinstone  rook,  from  Westfield,  Dram- 
bowie,  or  Bamton  qnarries.  Thej  are  laid  dry,  hard 
to  hard»  or  in  contact^  and  grouted  with  a  mixture 
of  equal  parts  of  Portland  cement,  and  ^inch 
Fisherrow  grayel,  and  finished  with  a  coating  of  fine 
graveL  Templates  were  used  in  laying  the  pave- 
ment* For  the  purposes  of  measurement^  the  width 
of  pavement  for  a  single  line  of  way  is  taken  at 

7  feet  4  inches;  and,  for  a  double  line,  15  feet 

8  inches  : — exclusive  of  the  width  of  the  rails. 

The  tramway  was  to  be  maintained  by  the  con- 
tractor in  good  order  for  twelve  months  after  the 
datt^  of  completion.  The  manufacturer  of  the  rails  is 
to  take  back  and  allow  a  deduction  for  any  rails  fail- 
ing within  two  years  from  the  date  of  manufacture. 
Payments,  subject  to  deduction  for  penalties  or 
damages,  were  to  be  made  monthly,  to  the  extent  of 
90  per  cent,  of  the  value  of  the  work  done.  The 
balance  was  to  be  paid  at  the  end  of  six  months  after 
the  date  of  completion. 

The  contract  prices  for  work  done  in  the  con- 
struction of  the  Portobello  section,  in  1874-75,  were 
as  follows;  together  with  the  schedule  <ji  prices  for 
alterations^  additions,  deductions,  or  extra  work:— - 
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Edixbuboh  Strset  Traicwatb — Cost  for  the  GoHBiEUcnoH 

OF  THB  PORTOBELLO  SECTION.  1874-75. 

From  End  of  Exiiting  Lmst  to  Eatt  Bni  ^  WattHoa  Fkut, 

Lifting  and  laying  aflide  preflent  eauBeway, 
dressinpr  surface  of  same ;  providinp 
and  laying  bed  of  concrete;  all  raate- 
rials  for  permanent  way;  new  granite 
causeway  blocks,  grouted  with  cement, 
and  coated  wiih  fine  gmvel;  and 
flnieliing  tramways  oompkte,  as  sped- 
fied— 

t    t.     d.         £       t.  d. 

Double  line^  S7  lineal  yards,  @  6  0  0  162  0  0 
Single  line,  180       „  ,,8  0  0     800  0  0 

From  East  End  of  Waterloo  Place  to  PortobeUo. 
Excftvatiii}.''  macadam,  aiid  drosj^ing'  sur- 
face of  same  ;  providing  and  laying  lx)t- 
tom,  bed  of  concrete,  ail  materials  for 
permanent  way;  new  Whinetooe  cause- 
way blocks,  grouted  with  cement,  and 
coated  wHh  fine  gravel ;  and  finiBhiiy 
trunwaya  complete,  as  specified — 

£    $.     d.  £      t.  d. 

Double  line,  08.3  lineal  yards,  @  5  5  0  3,.'i23  5  0 
Single  line,  5,070      „  „  2  12   0    13,308  16  0 

Providing  and  laying  complete,  points  and 

crossings  for  17  single-line  junctions, 

indnding  extra  for  laying  pennaoent 

way,  (^£90    840  0  0 

Restoring  ga.<)  and  water  pipes  interfered 

with,  or  other  worlis  injured,  and  ligbt- 

ing,  watching,  and  temporary  fencing  .  —  

Preparing  estimates,  schedules  of  prices, 

&c.,  @  1  per  cent  175^  0  0 

Total  cost  ...  .  17,609^  0  0 
Majntaimng  tlie  wliola  of  the  worka  for 

12  months  after  Imog  opened  for  traflie      260  0  0 
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The  co^t.i,  not  incluilin<^  points  and  croeaiiig8y 
may  be  abstracted  as  follows — 

06O7Brd8Qf  dovUeline,    3,486  5  0  or  9^  per  mile. 
6,200     „     nngrleliiie,    18,606  16  0  or  4,687  „ 


5,860      „   (3-33  miles)      17,184    0    0  or  u,lGO 
6,620     „  (370  miles)  equivalent  length 
of  angle  line,  cotfc      ....  ^644 


ScsBDUia  or  FkkzoBs. 


£seayating  macadam  to  the  depth 
veqniied  for  causeway  and  oon- 

cretOy  and  dress inij  surface  . 

Excavating  the  depth  required  for 
concrete,  where  present  causeway 
is  to  Im?  lifted  .... 

Dressing  and  clearing  surface  of 
concrete,  where  the  existing  con> 
Crete  hed  is  allowed  to  remain 

Providing  and  laying  new  hottom 
bed  of  lime  concrete,  6  inches 
thick,  as  specified 

Ditto  ditto,  substitutiiig  cement 
for  Arden  lime  .... 

i'rovidiug  and  lading  tine  bed  of 
cement  eonorete,  from  8  to  8 
inches  thick,  as  specified  to  he 
under  sleepers 

Ditto  ditto,  suhstitttting  Arden 
lime  for  cement  .... 

( 'oment  prroiiting,  a.s  specified  .  . 

Grouting  with  Arden  lime     .  . 

lifting  and  laying  aside  present 
causeway  blocks 

lifting  present  causeway  hlocks, 
drooring  and  relaying  thenii  in- 
cluding grouting  with  cement, 
and  coating  of  fine  gravel,  as  spe- 
cified   


s.  d. 


2  0  per  square  yard. 


1  0 


1  0 


3  0 


3  0 


V 


1  0  per  lineal  yard. 

0  0 

1  6  per  square  yard. 
18 


1  0 


6  0 


n 
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Schedule  of  Pbicxb — comtvmed. 

Providing'  and  lajing^  new  granite     i.  d 

blocks,  incliidint.'-  rrrontin^r  with 

cement,  and  coating  of  tine  gravel, 

M  tpaelfied  18  0  par  aquare  yard 

Phmdiqg  and  laying  new  Wluii- 

stone  Uoeka,  including  grouting 

with  eement,  and  coa^ig  fA  fine 

srravol.  fw  spocifi»^      .       .       ,    12  0 
Wroi^rht  iron  tramway  rails,  as 

specified  £10      per  ton. 

Cast>iron  chairs  for  ends  of  sleepers     7   6      per  cwt. 
Bar  iron  tif^rods,  2  inches  by  |  inch   14  0  „ 
B<)lt^  nnd  nuts,  for  fizii^  nila  to 

HltH^jxrH      .       .       .       .       .08       per  lb. 
Ordinary  bolts  and  nuts  ...     0   3^  „ 

Kab-plstaa  14  0    per  cwt 

Loog^tndinal  deepers,  aa  apedfied  *  0  6  per  lineal  foot 
Providing,  layingi  and  fi^dng  eom- 

pletP,  rails,  sleepers,  chain*,  ti^ 

rods,  bolts,  &c,  aa  specified,  single 

line   20   0  per  lineal  yard. 

Ditto    ditto,    but  assuming  rails 

to  be  provided  by  the  company  .   10  0  „ 
Pkoviding  and  laying  chilled  cast- 
iron  point^ils  .       £6  eaeh. 
Ditto     ditto   with  moTeaUe  point         6  „ 
Ditto     ditto    crosfiings.       .       .  d  „ 
Extra  price  for  laving  in  junctions 

from  crossing  to  point,  tsiugle  line  3  6  per  lineal  yard. 
Ditto     ditto     eroefrofver  foeda 

from  point  to  pointy  dqgle  line  .86  „ 
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QuAirxixiBB  na  una,  Snreu  Line,  8  feet  wids,  axs  Oosib 

AB  SBB  SOHXDITLB  BaZBB. 


Amount 

BqioWB  yards 

Excayatinp-  macadam 

and  dressing  surface 

of  same  . 

4,093 

a 

v) 

OoDcrete  bed,  6  inehee 

thick 

4,603 

8t. 

7(18 

19 

0 

JRaHs,  62  lbs.  per  yard 

Tons  owts.  lbs. 

82  0  0 

^10  per  ton 

890 

0 

0 

Bolts  and  nvte  for  nils 

5    3  0 

3f?,  per  lb. 

144 

4 

0 

Tie-rods 

7   0  0 

£14  per  ton 

08 

0 

0 

Bolts  and  nuta  for  tie- 

roda      •      .  « 

0  r  0 

d|<l.perlb. 

7/«.fi</.  percwt. 

11 

8 

8 

Chairs 

2  13  0 

19 

17 

6 

Fish-plates 

1  12  0 

14«.percwt. 

22 

8 

0 

LliMalfeet 

Seepeia 

10|660 

i864 

0 

0 

Uneal  yards 

Cement  Ibr  sleepers  . 

3,620 

1«. 

176 

0 

0 

Whinstone  causeway 

Sq.  Yards 

and  grouting  .  . 

4,620 

12«. 

2,712 

0 

0 

Total  cost  per  mile,  single  line  . 

6,441 

3 

2 

The  amount  of  cost  per  mile  thus  estimated  from 
the  sofaednle  rates,  is  greater  than  the  aetual  amount 
per  mile,  already  stated,  aoeording  to  the  oontract. 
The  difference  is  accounted  for  parti j  bj  the  ftct  of 
a  rednction  having  been  made  on  the  amount  first 
made  out;  and  partly  by  the  raising  of  the  level  of 
the  road,  when  the  tramway  was  laid,  as  a  conse- 
quence of  which  the  depth  and  quantity  of  the  exca- 
vation, as  well  as  those  of  the  foundation  of  concrete, 
were  generally  less  than  the  normal  amounts  as 
specified. 
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DUVDBB  STBBBT  TBAXWATS,  1877. 

Plaie  I. 

The  Commissioners  of  Police  of  the  Buigh  of 
Dundee  contracted,  in  April  1877,  for  the  constrnc- 
tion  of  2,846  yards,  or  1^  miles,  of  tramway,  doable 
line,  to  the  designs  of  their  Engineer,  Mr.  William 
Hadkison,  O.E.,  Bnrgh  Snrvejor,  which  was  com- 
pleted in  Jnlj  1877.  The  line  of  tramway  passes 
between  Dalhonsie  Terrace  and  the  General  Post 
Office,  along  Perth  Bead,  Netfaergate,  Beform  Street^ 
and  into  Euclid  Crescent 

According  to  the  system  of  construction,  which  is 
similar  to  Mr.  Hopkins'  plan  of  1873,  and  shown  in 
Plate  I.,  flanged  rails  are  laid  on  longitudinal  beams 
or  sleepers,  which  rest  on  a  bed  of  concrete,  and  they 
are  set  to  gauge  by  transverse  tie-rods  dovetailed  into 
cast-iron  chairs.  The  surface  is  paved.  Two  sections 
of  rails  and  sleepers  are  employed,  smaller  and  larger, 
of  which  the  lighter  scantling  is  laid  in  tlie  contracts, 
comprisiDg  a  length  of  1 ,562  yards,  between  Dalhonsie 
Terrace  and  South  Tay  Street,  and  the  heavier  scant- 
ling is  laid  thence  to  the  Post  Office — a  leng^  of 
784  yards — ^tbe  busiest  part  of  the  route. 
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The  lines  are  laid  to  a  gauge  of  4  feet  8^  inches, 
with  a  clear  interspace  of  4  feet  between  the  rails. 
The  loUing  snrfaceB  of  the  rails  are,  for  the  larger 
scantluig,  1}  inch  wide;  and  the  paying  is  laid  oni- 
side  the  lines  for  a  width  of  18  inches  at  each  side. 
The  total  width  for  the  doable  line  of  way  is  17  feet 
\  inch,  constitated  thns : — 

Foet  Inchoi 

3  lines,  4  feet  8^  inches  gsoge    .      .  .96 

1  interspace       .       .       .       ,       .  .40 

2  bruudtliB,  of  18  inches     .       .      .  .30 

4  rolling  surfaces  (If  inch  x  4    )     .      .0  7| 

It  oj 

The  gradients  of  the  line  are  as  follows,  com- 
mencing at  the  Post  Office :— * 


Yards 

1  fai  lOOIbr  »  kngth  of  86 

1  in  451 

tt 

187 

1  in  100 

n 

200 

1  in  210 

n 

284 

1  in  60 

n 

87 

1  in  36 

48 

1  in  31 

ft 

228 

1  in  47 

n 

09 

1  in  117 

183 

1  in  e74 

tt 

99 

1  in  188 

ft 

65 

1  in  47 

n 

98 

1  in  77 

n 

87 

1  in  133 

88 

1  in  34 

166 

1  in  60 

It 

131 

1  m  121 

n 
it 

268 

1  in  250 

126 

3,848 

The  gradients  do  not  all  fall  the  same  way. 
There  is  a  difference  of  level  of  76  feet  between  the 
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two  extremities  of  the  tram waj— the  Post  Office 
being  at  the  lower  end. 

The  roadway  was  excavated,  for  the  way  of 
60-pound  rails,  for  a  uniform  depth  of  about  1  i  inches 
— exactly  13 J  inches — below  the  permanent  level  of 
the  road  for  the  whole  width  of  the  tramway.  The 
bottom  was  cleared  of  soft  or  otherwise  unsuitable 
material,  and  levelled  and  beaten  to  secure  a  solid 
and  uniform  bottom.  Upon  the  bottom  is  laid,  for  the 
whole  width,  a  foundation  of  concrete,  d  inches  thick, 
wen  ponnded  with  a  heavy  beater.  The  composition 
of  the  concrete  is  as  follows : — 

Wliinstone  metal,  to  a  2>iiich  gftitgo,  BCnMied 

with  a  ^-inch  sieve   2 

Gravel,  crushed  Whinatone,  or  broken  bricks, 

to  a  1-inch  gauge   2 

Glean  sharp  river  sand   2 

Partlaad  oflment   1 

7 

To  support  the  longitudinal  sleepers,  strips  of 
oement  mortal*,  composed  of  two  parts  of  sand  and 
one  part  of  Portland  cement,  are  laid  on  the  concrete, 
1  incli  tliick  and  7  inches  wide,  iucreased  to  9  inches 
wide  at  tlie  cliairs. 

The  longitudinal  sleepers  are  of  red-wood,  from 
Baga^  Memel,  or  St.  Petersburg,  4  inches  wide, 
5  inches  deep,  rebated  for  the  60-ponnd  rail ;  and 

inches  by  h\  inches  for  the  34-ponnd  rail.  They 
are  at  least  21  feet  in  length  for  the  straight  psrts ; 
and  bent  or  sawn  to  onrresy  in  lengths  of  from  12  feet 
to  18  feet.  The  whole  of  the  timber  is  creosoted  to 
the  extent  of  10  pounds  of  creosote  per  cabic  foot. 
The  ends  of  the  sleepers  are  sqnaire-jointed,  and  rest 
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in  cast-iron  chairs  6  inches  long,  placed  at  intervals 
of  from  4  feet  to  5  feet.  The  chairs  are  nailed  to  the 
sleepers  with  f-inch  chair-nails,  2 J  inches  long, 
having  chisel-points  and  cup-heads.  Transverse  tie- 
rods  of  wrought  iron,  2  inches  by  j  inch  thick,  are 
dovetailed  into  the  chairs. 

The  rails  are  of  ifzought  iron ;  the  lighter  and 
heavier  rails  weigh  respectivelj  34  pounds  and 
60  pounds  per  yard.  They  are  rolled  to  lengths  of 
21  feet^  excepts  per  oent.  of  the  total  number,  which 
may  be  of  shorter  lengths^  bat  not  less  than  12  feet 
long.  The  60-ponnd  rails  have  a  width  of  4  inches 
and  a  thickness  of  1|  inches ;  they  are  2^  inches  deep 
over  the  flanges,  these  being  1}  inches  deep,  and 
averaging  J  inch  thick.  The  groove  is  1/^  inches 
wide  and  |  inch  deep^  made  with  a  flat  floor,  simi- 
larly to  the  Yale  of  Clyde  and  the  Glasgow  rails. 
The  rolling  surface  of  the  rail  is  IJ  inches  wide; 
the  outer  tiange  is  \  l  inch  wide,  and  corrugated  at 
the  upper  surface.  The  Jlt-pound  rail  is  8*  inches 
wide  and  1  inch  thick ;  the  groove  is  f  inch  deep, 
and  tlie  thickness  of  metal  under  the  groove  is 
§  inch.  The  total  depth  of  the  rail  is  1|J  inch. 
The  rails  are  fixed  to  the  sleepers  by  sido-fastenings 
or  staples  of  Lowmoor  iron,  as  shown,  of  which 
there  are  21  for  each  21 -feet  rail. 

The  points  and  crossings  are  of  chilled  cast-izon, 
2  inches  thick,  corrugated  in  correspondence  with 
the  rails. 

The  new  pavement  consists  of  Fitrodie  whinstone 
sets,  from  8  inches  to  4  inches  thick,  7  Inches  deep, 
and  from  6  inches  to  11  inches  in  length,  with  a 
granite  margin,  averaging  6  Inches  wide,  on  eacli 
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Bide  of  the  lailB,  fixr  the  entire  length  of  the  tram- 
way. Old  paving  setB,  when  xedreBaed,  were  not  to 
exceed  4^  inches  in  thiclmessy  and  were  not  to  be 
lees  than  inches  in  depth.  The  pavement  was 
set  on  a  2-ineh  bed  of  coarse  Earn  sand,  and  laid 
haid-to-haxd;  it  stands,  as  finished,  \  inch  above 
the  level  of  the  rails,  leaving  a  residnal  thickness  of 
•I  inch  of  sand.  The  finidied  snrfiuse  slopes  on  each 
side  of  the  centre  line  of  the  tramway  at  the  rate 
of  at  least  \  inch  per  foot  horizontally.  The  pave- 
ment is  grouted  with  a  composition  of  one  part  of 
gTOund  Charleston  lime,  slaked,  and  two  parts  of 
sharp  sand ;  and  the  surface  is  blinded  with  a  layer 
of  coarse  river- sand. 

The  works  are  to  be  maintained  by  the  contractor 
for  twelve  months  after  being  opened  for  traffic ; 
except  the  rails,  which  are  to  be  maintained  good 
for  two  years. 

Payments  were  made  monthly  on  the  work  done, 
10  per  cent,  being  reserved  as  security,  fi-lOths  of 
which  is  paid  at  the  end  of  twelve  months,  and 
4-lOths  two  yean  after  completion. 

The  works  were  constructed  according  to  the 
annexed  schedule  of  prices : — 

Dmnnes  flmn  TsAifWAVB:— Scimvu  ixr  Pbiobb,  1877. 


Liflinj^  and  Iftviujr  aside  road  metal, 


including  sets  in  crossings 


0  0   6  per  square  yard 


Lifting,  laying  aaide,  and  re^resemg 


oldaeta 


0  10 


n 


EscavAtioii,  depoated  in  the  pool,  at 
Magdalen  Qreen,  inclndliig  dveariog 

surface  for  concrete 


0  2  6  par  cubic  jrud 


Portland-cement  concrete^  6  incbea 
tliick  


12  6 
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Duin>BE  Stbebt  Tramways — continued. 


Portland-cement  mortar,  1  inch  thick .  0 
Longitudinal  sleepers  of  red-wood 
(Baltic),  4  inclu'r*  by  «5  inches,  in 
21-feet  lenirtba,  checked  for  mils, 
flab-plates,  nuts,  and  ehain,  chaiged 
whli  cnoBote,  and  liedded: — one 

deeper  

Do.     do.     in  lengths  of  from  18  feet 
to  \'2  feet,  0  inches  by  5  inches, 
cut  to  radius,  and  ])repared  above 
Oast-iron  chains,  weighing  11  lbs.  each, 

bedded  0 

Wrought  iron  fish-plates,  2  3  lbs. 

each,  punched  fbr  1»lta  . 
Wxouglit^n  tie-roda,  11*2  Ibi.  eaeh^ 
Wrought-iron  staplse,  for  side-fasten- 

inga  

Iron  rails, 00  lbs.  per  yard,  punched  for 
side-fasteninprs,  secured  to  sleepera 
(£9  Ids.  per  ton^  .... 
Iron  rMls,  34  lbs.  per  yard,  prepared  as 

above  (£13  7<.)  per  ton  . 
Iron  rails  at  eroednge,  and  enrvesylient 

to  radii,  all  t(^ther 
Oast-iron  points  and  crossings,  secured 

to  sleepers,  including  patterns. 
Paving  with  Whinstone  sets,  from 
Pitrodie  Quarry,  bedded  on  sand  . 
Fftving^tk  re-^reesed  sete,  bedded  on 

sand  

Gxonting  j<nnts  of  pavement 
Blinding  pavement  with  sand  . 
Adjusting  and  re-instating  macadam- 
ised roads  and  crossiii(r>,  aloriL'side 
the  tramways,  between  pav^'d  mar- 
gins and  channels,  with  the  old 

materials  

Ifaintananoe  of  works  for  IS  months, 
fat  eadi  of  the  three  sections  . 


d. 


1  0  per  square  yard 


0  1  6  per  lineal  yard 


0  2  0 


0  12 
0  12 


0  6 


0  3 


0  6 


I  10 


0  0 


0 
0 
0 


1 

0 
0 


ft 


7   0  per  cwt. 


6 
6 


0  17  6 


If 
f» 

ff 


3  per  lineal  yaid 
9 
0 

0  per  cwt. 

Operbquai-e  \ard 


0 
6 
1 


ff 
ff 
ff 


0  0  2  per  lineal  yard 
20  0  0 
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O08X  FOR  100  YARDS,  SlUGLE  LiNE,  WITH  60-LB.  RAIL.  1S77. 


W«rk  tod  iMlecWi 

QuaaUtiM 

Amonnto 

SoamnHdi 

« 

«. 

dr. 

T^iftinfir  Rod  lAvinif  &aidfi 

0 

0 

6 

7  1 

6 

metal 

0 

2 

D 

10  17 

A 

V 

ImWICTWIWI  ... 

47 

1 

2 

6 

0»  17 

6 

Square  yardx 

1  14 

0 

OAinfiiit  mort&r  • 

34 

0 

1 

0 

Lineal  yards 

16  0 

I/Oii||[itadiiia]  doepon  . 

200 

0 

1 

6 

0 

Cwt. 

4  11 

Cast-iron  chairs  . 

13 

0 

7 

0 

0 

Tie-rods  ... 

6'6 

0  12 

6 

4  2 

6 

Staples       .  . 

2 

0 

17 

6 

1  15 

0 

OhiUTiittls  . 

0  17 

6 

0  2 

11 

Tank 

62  10 

Rails,  60  lbs.  per  yard  . 

200 

0 

5 

3 

0 

Cw-t. 

6 

0-6 

0  12 

0 

0  7 

1  Whinsfeqae  tets  . 

BqpHnjriida 

0 

0 

0 

72  0 

0 

1  Gnnite  sett  (maipiw) . 

100 

0  IS 

0 

66  0 

0 

The  cost  of  the  waj,  ezdusiTe  of  pavement, 
amounts  to  £151  for  100  yards;  eqmyalent  to 
£1.  lOf.  2|<i  per  lineal  yard  of  single  line,  or  to 
£2,668  per  lineal  mile.  The  cost  for  paving  is 
£1.  7«.  6<L  per  lineal  yazd,  or  £2,420  per  mile.  For 
way  and  paving  together,  the  cost  is  £5,078  per  mile, 
single  line,  or  £10,156  per  mile,  dooble  line.  But, 
wiHi  certain  compensations,  together  with  the  using- 
np  of  such  old  paving-stones  as  were  serviceable, 
the  total  cost  was  expected  not  to  exceed  £18,800 
for  1^  miles  of  double  ivay,  being  at  the  rate  of 
£9«975  per  mile. 
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GLASGOW  OOEPO&ATIOV  T&AMWATB,  1874-75.^TBTB]C 
OF  MEBSBB.  JOHNSTONEB  AND  BAHKms. 

Pun  n. 

Following  up  the  line  of  construction  adopted  in 
the  first  contract  for  tramways,  in  1872,  described  at 
page  42,  the  engineers  of  the  Glasgow  Corporation 
Tramways,  Messrs.  Johnstones  and  Eankine,  intro- 
duced sereial  modifications  of  their  early  designs  in 
the  tramways  more  reoentlf  laid  out  and  constamcted 
in  1874-75.  In  the  course  of  the  construction  of 
the  tramways,  the  work  was  gradaaUj  changed  from 
that  described  for  the  first  contract  to  that  which 
is  now  to  be  described,  as  iUustrated  in  Plate  n. 

The  changes  consisted  of,  firsts  the  substltation 
of  the  flanged  rail — or  box  rail — ^for  the  flat  rail,  to 
admit  of  side-fiutenings. 

Second,  the  use  ui  a  thinner  layer  of  sand  nnder 
the  paying-stones. 

Third,  the  abandonment  of  the  lower  bed  of  con- 
crete ;  that  is,  the  concrete  under  the  sleepers. 

Fourth,  the  employment  of  lime-concrete  instead 
of  bituminous  concrete. 

Fifth,  the  grouting  of  the  whole  of  the  pavement 
with  bitumen  instead  of  lime. 
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The  ways  are  laid  to  a  gauge  of  4  feet  7|  inohes, 
with  an  interspace  of  3  feet  11^  inches  between  the 
two  lines ;  whilst  the  paving  was  extended  for  a  width 
of  18  inches  at  each  onter  side.  The  total  width  for 
a  doable  line  was  made  up  thus : — 


Two  widths  of  gange  .  .0  8^ 

Interspace  3  11^ 

Two  strips  of  payement  .      .      .  .30 
Four  half-widths  of  raU  (1}"  x  4»)      .     0  7^ 

16  10^ 

For  a  single  line,  the  total  width  is  7  feet  11^  inches. 

The  steepest  gradients  of  the  tramways  in  Glas- 
gowy  lie  in  Benfield  Street.  €h>ing  northwards  fk 
St.  Tincent  Street  to  Cowcaddens,  the  gradients  axe 
as  follows : — 


Totals  1 


1 

in 

37 

fiNT 

96 

1 

n 

SI 

>» 

113 

1 

26 

)> 

52 

1 

» 

43 

>i 

22 

1 

n 

81 

II 

88 

1 

i% 

20 

n 

21ft 

1 

21 

a 

6^ 

The  gradients  in  Great  Western  £oad|  west  of 
Kelvin  Bridge,  Hillhead,  are  as  follows 


1 

in 

87 

for 

86 

1. 

n 

27 

110 

1 

If 

30 

87 

1 

II 

33 

98 

1 

?» 

41 

86 

Y 

33 

415 

For  a  double  line,  the  roadway  was  excavated  to 
a  width  of  1 7  feet;  and,  for  a  single  line,  to  a  width  of 
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8  feet:  to  a  iinifonn  depth  of  \2\  inches  below  the  in- 
tended level  of  the  rails.  The  excavated  surface  wa8 
cleared  of  all  refuse,  sladge,  loose,  or  soft  matwial, 
betbre  the  concrete  and  the  sleepers  were  laid. 

The  rails  were  of  wrought  iron,  and  weighed 
60  ponnds  per  yard ;  they  were  rolled  in  lengths  of 
24  feet,  with  about  5  per  cent,  of  the  total  quantity 
.  in  shorter  lengths.  In  the  character  of  the  section, 
they  are  nearly  the  same  as  the  rails  laid  in  the  Yale 
of  Clyde  Tramways.  They  sie  3)>  inches  wide  and 
l-|3y  inches  thick;  the  rolling  surface,  which  is 
slightly  rounded,  is  1}  inches  wide,  the  groove  is  1^ 
incheswide,  and  the  flange  at  the  inside  is  f  inch  wide. 
The  groove  is  formed  with  a  flat  floor,  and  is  only 
W  inch  deep,  leaving  a  }-inch  thickness  of  metal  below 
it.  The  lower  side  flanges  are  fiiUy  f  inch  thick  and  If 
inches  deep,  thus  making  a  total  depth  of  2||  inches. 
Comparing  this,  the  new  rail,  with  the  old  rail, 
flg.  25,  page  38,  whilst  the  weights  of  the  raOs  axe 
both  60  pounds  per  yard,  there  is  a  better  distribu- 
tion of  metal  in  the  new  rail ;  for  whilst  it  is  inch 
thinner,  it  is,  with  the  flanges,  ||  inch  deeper  tiian 
the  first  rail.  Again,  by  the  comparatiTe  flatness 
and  shallowness  of  the  groove,  the  new  rail,  though 
the  thinner,  retains  a  sufficient  thickness  under  the 
groove,  which  is  the  weakest  part  in  grooved  rails. 

The  longitudinal  sleepers,  or  beams,  are  of  Baltic 
red  timber,  4  inches  wide  and  G  inches  deep, rebated  at 
each  side  for  the  lower  flanges  of  the  rail,  and  not  less 
than  24  feet  in  length.  The  joints  of  the  beams  are 
cut  square.  At  curves,  the  beams  are  sawn  to  the 
radius,  and  where  the  radius  is  less  than  80  feet, 
the  length  of  the  beams  might  be  reduced  to  14  feet. 
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The  Tails  were  dmwn  close  to  the  longitudinal  beams 
by  means  of  a  powezfol  cramp^  und  each  rail  of  24  feet 
in  length  was  secured  to  the  beam  with  side-fasten- 
ingSy  or  staples,  at  each  side  alternately,  and  at  a  pitch 
of  abontlS^  inches  on  each  side.  Each  joint  ofthe  rails 
is  fished  with  an  iron  plate  8  inches  long,  8  inches  wide, 
and  I  inch  thick,  let  flash  into  the  upper  snr&oe  of 
the  beam,  and  the  end  of  each  rail  is  fixed  to  the  . 
beam  by  two  pairs  of  staples.  Each  24-feet  rail  is 
fastened  to  the  beams  by  a  total  of  20  staples.  The 
staples  are  of  Lowmoor  iron,  and  are  in  section 
J  inch  by  f  inch  ;  they  have  a  total  length  of  8  inches, 
and  are  forged  with  two  bends,  of  which  the  upper  bend 
is  chisel-pointed,  and  passes  through  holes  punched 
in  the  flanges  of  the  rails.  The  lower  bend  is  jagged. 

The  transverse  sleepers  are  of  Baltic  red  timber, 
8  feet  long  and  4  inches  deep ;  the  sleepers  at  the 
joints  are  7  inches  wide,  and  the  intermediate  sleepers 
are  6  inches  wide.  A  joint  sleeper  is  laid  under  each 
joint  of  the  longitudinal  beams;  and,  at  each  joint 
of  the  rails,  two  intermediate  sleepers  are  placed  at 
a  distance  apart,  between  centres,  of  not  more  than 
2  feet.  At  other  places,  the  distance  apart  of  inter- 
mediate sleepers  is  not  more  than  8  feet  8  inches 
between  centres.  Spike-holes  are  bored  through  the 
sleepers. 

All  the  timber  was  creosoted  to  the  extent  of 
10  ponnds  of  creosote  per  cnbie  foot. 

The  longitudinal  beams  rest  in  solid  cast-iron 

chairs,  4  inches  wide  between  the  flanges,  6  inches 
wide  for  the  joints  ofthe  beams,  and  4  inches  wide  in- 
termediately. The  sole  of  each  chair  is  9J  inches 
long,  and  rests  on  the  transverse  sleeper,  which  is 
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dressed  to  receive  it ;  the  sole  is  |  incli  thick,  and 
the  flanges  taper  from  1  inch  thick  at  the  base  to 
J  inch  at  the  upper  edge.  The  joint-chairs  weigh 
21  pounds  each,  and  the  intermediate  chairs  14  pounds 
each.  The  cliairs  are  fastened  to  the  sleepers  by 
f-inch  wrought-iron  spikes,  4  inches  long,  with  cup- 
heads,  and  tapered  for  half  an  inch  of  length  to 
I  inch  at  the  ends.  The  longitudinal  beams  are  fixed 
in  the  chairs  by  ^inch  compressed  oak-pins,  driven 
through  the  flangea  of  the  chairs,  and  through  holes 
bored  in  the  beanui ;  the  ends  of  the  pins  are  sawn 
oiF  flush  with  the  flanges. 

After  the  sleepers^  beamsy  and  rails  were  accu- 
rately laid  and  a4}nsted  on  the  bottom  of  the  excava- 
tion,  the  sleepers  were  packed  underneath  with  fine 
concrete,  composed  as  follows : — 


^\liin0toiie  sMveny  Imken  to  a  l-iiieh  gaoge  .  3 

Sand  3 

Orchard  Roman  cement 

Aiden  lime  1 

8 


The  spaces  between  the  sleepers  were  filled  to  the 
level  of  the  upper  surface  of  the  sleepers,  by  a  concrete 
composed  as  follows : — 

MeMures 

Wbinstone  metal,  to  a  2-inch  gauge,  pevliBetiy 


free  firom  mud,  clayi  and  dirt     ...  6 

Sand   1 

Orchard  Roman  cemMit  .      .      .      ^      .  1 

Arden  lime    .......  1 


9 

Upon  this  bed  of  concrete,  and  oyer  the  sleepers,  a 
stratum  of  fine  concrete  was  laid  to  such  a  thickness 
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as  to  bring  up  the  level  to  half  an  inch  below  the 
paving  sets.  When  the  sets  were  6^  inches  deep^  the 
thickness  of  the  stratum  was  about  1^  inches.  Upon 
a  i-inch  layer  of  dean,  sbaip  sand,  the  paying  was 
bedded.  The  new  paving  was  to  be  of  granite  from 
the  Fomess  or  Bonawe  qnarries,  or,  in  the  option 
of  the  Corporation,  of  Aberdeen  granite.  It  was 
actually  selected  and  whoUj  obtained  from  the 
Furness  and  Bonawe  quarries.  The  stones  were 
to  be  from  3  to  4  inches  wide,  6  to  7  inches  deep, 
and  6  to  12  inches  in  length.  They  were  set  in 
straight  and  parallel  courses  across  the  lines  of 
tramway,  abutting  closely  on  the  rails,  and  the  seta 
overlying  the  chairs  were  cut  to  suit  them.  The 
surface  of  tlie  pavement  was  laid  to  a  slope  of  \  inch 
per  foot  transversely,  from  the  centre  line  of  the 
way.  It  was  grouted  with  a  mixture  of  British  bitu- 
men, manufactured  from  pure  coal-tar  pitch,  and 
pitch-oil  having  a  specific  gravity  of  *95.  Oil  was  to 
be  used  in  sufficient  proportion  to  produce  a  plastic 
grout;  the  grout  was  run  in  hot,  and  the  joints 
were  completely  filled  with  it. 

The  points  and  crossings  are  of  cast  iron,  chilled 
at  the  upper  side  to  a  depth  of  at  least }  inch. 

The  improvements  in  economy  and  in  efficiency 
realised  in  the  latest  practice  of  the  Glasgow  Corpo- 
ration Tramways,  with  respect  to  the  first  system  of 
construction,  are  very  dearly  brought  out  by  a  com- 
parison of  the  illustrations.  The  4-inch  substratum 
of  concrete  was  dis^^ensed  with,  for  it  was  found  that 
the  bottoms,  as  excavated,  were  sufficiently  firm  and 
solid  to  support  the  cross  sleepers.  In  this  way, 
economy  in  excavation  also  was  effected,  for  the 

I 
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depth  of  material  ezcavaied  was  redaoed,  by  4  molieSy 
from  16^  inehee  to  12^  inches. 

In  both  the  earlier  and  the  later  designs,  provision 

was  made  for  rendering  the  work  water-tight,  but 
differently.  For,  in  the  first  construction,  the  water- 
proofing, consisting  of  the  bituminous  concrete,  was 
laid  at  the  foundation,  and,  in  the  second,  it  was 
laid  at  the  surface  of  the  road,  consisting  of  the 
bituminous-grouted  paving. 

The  adoption,  in  the  later  construction,  of  a 
thinner  layer  of  sand  for  paving — ^  inch  instead  of 
li  inches — was  clearly  beneficial;  it  made  a  steadier 
pavement,  which  could  be  kept  better  np  to  the  rails, 
and  which  demonstrated  the  advantages  of  the  good 
foundation. 

Finally^  the  most  important  improvement  con- 
sisted in  the  sahstitntion  of  the  flange-rail  with  side- 
fitstenings,  for  the  flat  groove-rail  with  a  vertical 
holt-fiistening. 

QlABQOW  CoBPOBAXIOK  T&A11WA.XB. — SCHBDULB  OF  PiUGBB. 

liftJng  eaiuewsy,  excavating  and 
removing  stuff  from  paved  roada —    £  s.  d. 
Double  line    .      .      .      .0  4   0  per  lineal  yard. 
Single  line      .       .       .  .020 

Ditto,  from  macadamised  roads — 

Double  line  .  .  .  .040 
Single  line  .  .020 

Fiunislung  and  laying  eoaiae,  and 
also  fine,  concrete — 
Double  line    .      .      .      .     0  11  6 
Single  line      .      .  .069 

Carting,  bending,  and  laying  railB, 
complete — 
Double  line    .      .      .  .010 
Single  line     .  •     .    0  0  11 


n 

n 
n 


ft 
ft 


tf 
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OlASOOIW  OoBPOBAHCiII  TrAXWATB— «0fl<HHIMi. 


£  f. 

• 

d. 

Obainy  laid  eonipleto 

7  17 

0 

per  ton. 

Jofint  plates,  ditto  .... 

13  10 

0 

I* 

Spike?,  ditto  .      •      •      •  . 

16  0 

0 

Rail  fastenings,  ditto 

44  0 

0 

Chilled  cast-iron  switches,  laid  com- 

6  0 

0 

]Htto|  eroMHiigSy  ditto   •      •  • 

6  5 

0 

»i 

Tmmrrene  aleejpen^  eneoaoted  and 

laid— 

Intcrmediato  .... 

0  3 

2 

ff 

0  3 

6 

Longitudinal  beams,  creosoted  and 

laid  0  1  11  per  lineal  yard. 

Oak^na.   0  0  0|  each. 

T^indabing  and  kymg  aand^ 

Douhle  fine  .  .  .  •  0  0  0  per  lineal  yard. 
Single  line  .      .0  0  4^  „ 

Redres.'^ing   and   relaying  paving 
stones — 

DoqiUeBne  .080 

Single  fine  .040 
New  paying,  laid  oompIet»— 

Double  line    .      .      ,      ,     2  17  0 

^glp  line  .      .18  6 

Ktcli-frroutin^  the  pavement — 

Double  line     .      .      .      .     0  12  0 

Single  line     .      .      .  .060 
Eztift  excaTEtion  .  .    0  S  0  per  diUe  jaid. 

Ditto  coneieto  .      .      .    0 11  6 

Aberdeen  granite  for  pftTMnent — 

I>ouh1o  line    .      •      .      .     2  IC  0  per  lineal  yard. 

iiiugle  line     •      •      .      .18  0  „ 


n 
n 

n 
n 

n 
n 
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QuAirrrnEs  and  Cost  per  ini.K,  Single  Line,  of  the  Glasgow 

OOSPOaAIION  T&A]CWAT8|  LiilBBX  CONSIBUCXION,  1874-75. 


Work  and 

Per  mile 

Per  lineal,  y&rd 

Qnaiitt^ 

Cost 

Cast 

Wat 
£xcavatioD  . 
Oooerete  .  . 
Slcopera     .  . 
Chairs  .    .  . 
Spikes  .    .  . 
Trenails,  Ollk 
Bails    .   .  . 
Joiat'plstea  . 
Stoples.  .  . 

Totals   .  . 

1,694  cu.  jds. 

680  „  „ 
3,862  cu.  ftst 
20-63  tons  . 

3,628,      .  . 
94-3  tons  .  . 

I,  099  lbs.  .  . 

II.  440  Ifaa.  . 

£     s.  <l. 
176    0  0| 
606   0  0 
247  10  0 
161  17  2, 

7   7  0 
990    3  0 

6  12  6 
224  14  0 

1  -96cu.yds. 
•86  ,. 

2-20  cu.  ft. 
26i  lbs.  . 

1  X  OV  >IW«  • 

•> 

120  lbs.  . 
•62  lbs.  . 
6*6  lbs. 

£    «.  A 
0    2  0 
0   6  9 

0   3  o| 
0    1  10 

0    0  1 
0  11  3 
0    0  0} 

0  2  Ol 

1  6  7 

2,337    0  3 

PATBinT 

Sand 

New  paving 
Stones  .  . 
fitdi-grooting 

Total    .  . 

1,760  lin.  jds. 

4,594  sq.  yds. 

1,760  lin.  yds. 

38   0  0 

2,m  0  0 

528    0  0 

1  lin.  jaid 

2-61  sq.yds. 

1  lin.  yard. 

0  0  4i 

1  8  6 

0    6  0 

8,069  0  0 

1  14  11 

Hriaun 
Waj  ... 

PkTomsiit  • 
Total  cost  . 

2.337   0  a 
3,069   0  0 

1    6  7 
1  14  4 

6,406  0  aj 

8    1  6 

Jby  Google 
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CHAPTER  IV. 

BB1ST0L  TRAMWAYS,   LEICESTER  TRAMWAYS,  SALFOBD 
TBAMWAT8: — ^KINOAID'S  STSTEHy  1876-77. 


Bbisiol  Tbaxwaib.  Fl419  nL 

Mb.  Kincaid's  most  recent  system  of  tramway  is 
illustrated  in  Plate  III.,  which  exhibits  the  construc- 
tion and  details  of  the  Bristol  Tramways,  laid  in  1876. 
The  Hull  Street  Tramways  were  constructed  on  the 
same  system,  in  the  same  year ;  the  Leicester  tram- 
ways in  1874;  also,  the  more  lately  constructed  sec- 
tions of  the  Leeds  Tramways  and  tlie  Sheffield 
TramwajSy  in  the  years  1876-77. 

The  gauge  of  these  lines  is  4  feet  8^  inches. 
The  Bristol  Tramways  are  made  in  single  line^ 
1  mile  1,452  yards  in  length,  with  maximum  gradients 
oflinl7.  The  roadway,  which  was  of  macadam,  was 
excavated  ior  a  width  of  8  feet  to  a  nnifonn  depth  of 
8  inches ;  and  holes  for  the  foundations  of  the  chairs, 
3  feet  apart  between  the  centres,  were  excavated  to  a 
depth  of  15  inches  below  the  swr&ce  of  the  road, 
18  inches  wide  and  16  ioches  long.  The  concrete 
employed  was  of  the  following  composition : — 
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Put* 

OIbiii  flharp  gravel  or  iHokBn  Btoiw  to  a  l-indi 

ringp-gauge  ,     .  8 

Sand  2 

FieBb-biined  Almrthaw  lime      *     •      *  JL 

6 

The  holes  were  filled  with  oonciete  to  a  total 
height  of  8  inches,  in  which  the  soles  of  the  chairs 
were  imhedded  to  a  depth  of  8  inches  helow  the  upper 
surface  of  the  concrete.   Concrete  was  also  applied 

under  each  of  the  rails  for  its  whole  width,  between 
the  chairs,  in  some  measure  affording  bearing  sur- 
face, but  designedly  to  occupy  the  space  under  the 
rail  and  keep  it  free  from  water. 

The  rails  are  of  wrought  iron,  rolled  from  a  single 
ingot  of  best  malleable  No.  2  mine  iron,  weighing 

43  pounds  per  yard,  with  a  margin  of  from  42  to 

44  pounds,  in  lengths  of  24  feet;  except  five  per  cent, 
of  the  whole  number,  which  were  to  be  of  shorter 
lengths.  >  The  rails  are  3^  inches  wide,  and  inch 
thick  under  the  tread  and  under  the  grooye;  they 
are  formed  with  two  flanges,  one  at  each  side, 
2^  inches  deep,  slightly  taper  in  thickness,  -f^  inch 
thick  at  the  lower  edges.  The  tread  of  the  nul  is 
If  inches  wide,  the  groove  is  If  inches  wide,  and 
the  outer  herder  is  ^  inch  thick  at  the  edge,  and 
corrugated.  The  groove  is  taper  in  section,  and 
it  slopes  mostly  towards  the  outside.  The  tread  of 
the  rail  is  fiat,  but  it  is  slightly  inclined  upwards, 
to  the  extent  of  ^  inch  rise,  towards  the  centre  of 
the  rail.  With  such  a  formation,  the  contact  of  the 
car-wheels  with  the  tread  is  concentrated  at  the 
inner  edge  of  the  tread ;  the  load  is,  in  consequence, 
fairly  delivered  on  the  rail  at  the  middle  of  its  width 
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and  undue  twisting  action  or  deflection  by  side- 
loadings  is  obviated — a  point  of  special  importance 
for  the  stability  of  a  suspended  rail. 

The  chairs,  of  cast  iron,  have  rectangular  bases, 
14  inches  wide,  12  inches  long,  and  \  inch  thick,  at  a 
level  10  inches  below  the  surface  of  the  rails.  They 
are,  like  the  rails,  8^  inches  wide  at  the  head ;  and 
they  g^Te  a  bearing  to  the  rails  3^  inches  long  at 
intermediate  pointer  and  7  inches  long  at  the  joints. 
Thej  are  placed  3  feet  apart  between  centres.  The 
rails  are  fastened  to  the  chairs  by  staples  at  each  side, 
made  of  half-round  bar  iron,  best  Staffordshire,  which 
engage  into  holes  punched  in  the  rails,  and  are  driven 
into  hard-wood  plugs,  which  are  forced  into  holee  in 
the  heads  of  the  chairs.  There  are  two  staples  for  each 
end  of  the  rails,  at  each  side,  to  make  the  joints  \  and, 
for  a  24-feet  rail,  there  are  11  staples  at  each  side,  or 
22  in  sll.  The  plug-holes  in  the  chairs  are  slightlj 
taper ;  at^  the  larger  ends  thej  are  1  j  inches  in  dia- 
meter for  the  joint-chairs,  and  1}  inches  interme- 
diatelj. 

The  points  and  crossings  are  of  cast  iron,  with 
wronght-iron  tongues.  The  upper  snxfficeB  were  file- 
dressed.   There  are  three  cast-iron  chairs  to  each 

point,  and  two  to  each  crossing. 

All  the  castings  are  of  No.  1  strong  grey  iron. 

The  paving  consists  of  granite  sets,  5  inches  deep, 
laid, for  the  extreme  width  of  8  feet,  on  a  bed  of  <,'ravel 
3  inches  thick,  spread  on  the  bottom  of  the  excavation. 
The  paving  was  grouted  with  a  liquid  mortar,  con- 
taining six  parts  of  fine  sand  to  one  part  of  fresh- 
burnt  lime ;  it  was  rammed  before  the  grouting  had 
set,  and  was  again  grouted. 
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Actual  Cost  of  the  Bristol  Tramways  (Kxscaid's  Way), 

PSB  MILE,  SniQlB  LiKS,  1876. 


lioiled  iron  raila,  43  11m.  per 

4, 

c 

A 

yazd,  68  tou .... 

7 

10 

0 

510 

0 

0 

ClM(4ron  dudn,  lojaltyineliidedy 

70  tons  

6 

12 

9 

624 

7 

3 

4,(XK1  wood  plugs,  per  1 ,000 

4 

10 

0 

18 

0 

0 

9,/ 00  wroufrht-iron  staple.'^,  each 

0 

0 

2 

oU 

o 

o 

Laying  the  way,  including  exca- 

Tatifln  and  oonerete,  per  Uiieal 

0 

7 

0 

616 

0 

0 

Total  cost  of  ^mf 

1,740 

8 

11 

providing  and  laying  giamto 

pavement,   indadiag  giavfll 

bed  and  gioathig,  4,^K)0  square 

0 

12 

0 

2,(W0 

0 

0 

4,389 

~0 

The  work  was  to  be  maintained  in  good  order  for 
six  montbs  after  it  was  completed  and  opened  for 
traffic.    Payments  were  made  montUj,  less  10  per 

cent,  wbich  was  kept  in  reserve  until  the  contract 
was  completed. 


Ii£IC£ai£R  TaAMWAXS. 

In  addition  to  the  tramways,  4*44  miles  in  length, 
constmcted  in  1874,  the  Leicester  Tramways  Com- 
pany haye  (October  1877)  contracted  for  the  con- 
struction of  five  miles'  additional  length  of  tramway, 
on  Hr.  Eincaid's  system.  The  rails  are  to  be  rolled 
of  Siemens'  steel,  weighing  17  poonds  per  yard.  The 
staples  are  to  be  of  Lowmoor  iron.  The  foUowing 
are  particulars  of  the  contract : — 
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Ooex  ov  nur  zm  ov  m  LncoHEiE  Traxwatb  (Kincaid's 
Wat)  fib  Mm,  Snreui  LnvB. 

Kolltid  Siemens' steel  rails,  47  lbs.  per     £   «.   d.  £ 

yard,  74  tons,  delivered  .  .8  7  6  620 
76  toiid,  Kincaid's  cast-iron  chairs  .  3  18  6  294 
Lowmoor  ircm  ftstemiiigs  or  staples, 

and  pings  —  100 

5  pairs  of  csat-eteel  points  .  .  —  fiO 
Lavinjr  the  way,  including  excavation 

for  paving  as  well  as  for  the  way 

and  concrete,  per  lineal  yard.      •     0   6   1  450 

Total  cost  1,614 

Providing  and  laying  Leicestershire 

granite  paving,  8  M,  wide,  as  fol- 

]ows:--Seta  6  indiea  x  4  inches 

outside  the  rails,  and  one  course 

next  the  rails  inside;  'Eandon 

granite,'  not  less  than  4  inches  deep 

and  4  inches  cube,  over  the  re- 
maining surface,  per  lineal  yard, 

say,     .  .0  6  4    1,300  " 

Total  cost  for  way  und  ptiviug       .       .  2,814 
Add,  for  engineering  and  l^al 
charges  186 

Total  per  mile,  single  line     .      .      .  :C3,000 


Saxvobd  OospoBAnov  Tbaxwaib. 

The  most  recent  development  of  Mr.  Kincaid's 
system  is  exemplified  in  the  Salford  Tramways 
lately  constructed  to  the  plans  of  Mr.  Alfred  M. 
lovvler,  the  borough  engineer  and  surveyor,  illus- 
trated by  figs.  -M),  50,  51.  The  details  of  tlio  rail 
and  the  fastening  have  been  specially  designed  by 
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Mr.  Fowler.  The  tramways  consist  of  two  lines : — 
a  double  line,  from  Albert  Bridge  to  the  Pack  Horse 


I'lO.  49.    Salfurd  Corptirutiuu  Tniniways: — Kincuid'h  syst em,  arrange' I 
by  Mr.  A.  M.  Fowler.    Scale,  ^. 

Inn,  1  mile,  1,487  yards  long;  and  a  single  line,  in 
i)ury  New  Road,  between  the  Kersal  ToUbar  and 


Fio.  50.    Salford  Corporation  Tramways :— Plan  of  Chair.  Scale,  ^. 

Grove  Inn,  I  mile  479  yards  long.  The  roadways 
were  partly  paved  and  partly  macadamised. 
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The  rails  are  laid  to  a  gauge  of  4  feet  8^  inclies, 
with  an  interspace  of  4  feet  between  the  two  lines  of 
a  double  way.  The  total  width  for  a  double  way,  in- 
cluding the  18-inch  breadth  at  each  side,  is  17  feet, 
oonstitated  as  follows : — 


4hAlf.bnadthsofxaU(lf x4-)  .    0  7 

17  0 

For  a  single  line,  the  total  width  is  8  feet. 

The  pavement  is  lifted,  or  the  macadam  is  exca- 
Tated,  for  a  uniform  depth  of  8  inches,  for  the  whole 


Fko.  51.  Silfoid  Corporation  Tramways:— Section  of  Sail.  Scale.  \. 

width  of  1 7  feet  for  a  double  line,  or  of  8  feet  for  a  single 
line.  Holes  for  the  foundations  of  the  chairs  are 
excavated  at  8  feet  apart  between  centres,  to  a  depth 
of  15  inches  below  the  sur&ce,  or  level  of  the  rails ; 
they  aie  18  inches  long  and  20  inches  wide  at  the 
bottom. 

The  concrete  is  composed  as  follows ;  thoroughly 
mixed  as  required,  on  a  wooden  platform,  and  used 
fresh 


Feet  Indies 


4ftet8^iiicliesic2- 
InteniMioe  . 

18  inches  x  2  »  . 


9  6 
4  0 

3  0 
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Clean  8har]>  ^avcl,  liroken  stonei  or  macadam,  Mearant 


The  holes  excavated  for  the  foundations  of  the 
chairs  are  filled  with  concrete,  in  which  the  chairs 
are  properly  bedded  and  levelled;  the  concrete  is 
rammed  underneath  and  aronnd  each  chair.  Each 
block  of  concrete  is  20  inches  bj  18  inches,  \sf  8  inches 
deep,  and  the  nnder-side  of  the  sole  of  the  chair  is  snnk 
to  a  level  If  inches  below  the  upper  side  of  tiie  block. 

space  under  the  rails  between  the  chaurs  is  filled 
with  concrete,  by  enclosing  the  space  at  one  side  of 
the  rail,  and  ramming  in  the  concrete  with  wooden 
beaters  from  the  other  side. 

The  cliairs  staiicl  at  a  level  8  J  inches  l>eIow  the  sur- 
face of  the  rail,  measured  to  the  under-side  of  the  chair. 
The  sole  has  an  average  thickness  of  1  incli ;  the 
sides  liave  a  minimum  thickness  of  f  inch;  the  neck 
of  the  intermediate  chair  is  inches  square,  whilst 
the  head,  which  takes  the  rail,  is  slightly  taper,  and 
is  2^  inches  wide.  The  head  is  flat  on  the  top,  and 
receives  the  rail  with  a  flat  bearing.  The  inter- 
mediate chairs  weigh  about  48  pounds  each,  and  the 
joint-chairs  68  pounds  each.  The  plug-holes  in  the 
heads  of  the  chairs  are  taper,  1  indi  in  diameter  at 
the  larger  end ;  filled  with  ash  pings. 

The  rails,  of  iron,  were  rolled  from  piles  composed 
of  selected  paddle*bars,  made  firom  refined  mine  or 
pig-iroD,  granular  above,  fibrous  below;  to  weigh 
50  pounds  per  yard,  and  to  be  rolled  to  lengths  of 
24  feet.  Five  per  cent,  of  the  whole  number  of  rails 
were  rolled,  as  shorter  lengths,  not  less  than  12  feet 


to  a  1-incli  rin^''-irauge 
Beat  Portland  Cijuient 


4 

1 
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long.  Rails  weighing  less  than  50  pounds,  or  more 
than  52  pounds,  were  to  be  rejected.  The  rails  are 
8^  inches  wide,  and  have  2f  inches  of  total  depth, 
with  a  maximum  thickness  of  If  inches.  The  tread 
or  r<>lliii<^  surface  is  1]  inches  wide;  the  groove  is 
\\  inches  wide,  and  }  inch  deep  ;  and  the  outer  ledge 
is  i  inch  wide  at  the  aorface,  deeply  corrugated  at 
the  mte  of  fourteen  corrugations  per  foot  of  length. 
The  surface  of  the  tread  is  flat  and  inclined,  so  that 
at  the  centre  of  the  rail  it  is  ^  inch  higher  than  at  the 
side.  It  is  thus  insured,  as  was  remarked  of  Mr. 
Sineaid's  Bristol  rail,  that  car-wheels  should  take 
their  hearing  on  the  middle  or  centre  line  of  the 
rail. 

In  each  24-feet  rail  18  holes  are  drilled,  in  pairs  at 
8-liset  distances  apart^  through  which  the  sails  are 
fastened  to  the  chairs  by  g-inch  round  wronght-iion 
spikes,  2}  inches  long  from  the  head,  taper  for  part  of 
.  their  length.  The  spikes  were  to  be  of  the  very  best 
quality  and  workmanship,  capabU?  of  bein<^^  bent  cold 
to  form  a  right  angle,  without  fracture  or  Haw.  The 
rails  and  chairs  were  pressed  together  by  means  of  a 
screw-cramp,  while  the  spikes  were  being  driven  ;  and 
the  spikes  were  in  such  a  position,  near  the  upper  part 
of  the  plug-holes,  and  were  so  driven  that,  by  their 
action,  the  rail  was  brought  well  home  to  the  top  of 
the  chair.  Here,  the  staple  usually  employed  has 
heen  replaced  by  a  direct-acting  spike,  according  to 
one  of  the  forms  described  in  Mr.  Kincaid's  patent 
of  1876.  The  heads  of  the  spikes  are  \  inch  thick, 
and  they  project  by  so  much  from  the  sides  of  the 
chairs,  which  otherwise,  with  the  rails,  present  flat 
abntments  for  paTing-sets. 
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The  pointB  are  8  feet  long ;  tliej  are  of  chilled 
cast-iron^  annealed  oast-steely  or  of  Yickers*  forged- 
stoeL  llie  erossmgs  were  made  by  cleanly  cutting 
ordinary  rails  to  the  required  angle,  so  as  to  fit  truly 
to  the  sides  of  the  rails  of  the  main  road  to  he 
crossed.  The  adjoining  flanges  at  the  junction  are 
bolted  together  with  ^-inch  bolts. 

The  paving  consists  of  granite  sets  6  inches  deep, 
laid  on  a  bed  of  sand  2  inches  thick. 

The  whole  of  the  work  is  to  be  maintained  for 
twelve  months  after  completion ;  except  the  railSy 
which  are  to  be  maintained  for  two  years. 

The  cost  of  the  work,  excluding  paving,  was 
j£ 1,925  per  mile,  single  line. 
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SOUTHPOBT  TRAMWAYS,  WIBKAL  TRAXWAT,  BT  MS. 
O.  H.  BELOB—  BBLOB'S  KBW  8T8TBX8. 

Plati  IV. 

The  Southport  Tramways,  opened  in  1873,  of  which 
Mr.  Charles  H.  Beloe  is  engineer,  consist  of  a  single 
line  4  miles  in  length,  laid  with  flanged  iron  rails, 
fastened  to  longitudinal  sleepers  laid  on  transverse 
sleepers  in  concrete,  to  a  gauge  of  4  feet  8  J  inches, 
illustrated  in  Plate  IV.  The  ground  was  excavated 
for  a  width  of  8  feet,  to  a  uniform  depth  of  12^  inches 
below  the  surface  of  the  roadway.  A  foundation  of 
concrete,  3  inohes  thicky  was  laid  over  tlie  whole  of 
the  bottom. 

The  concrete  was  composed  as  follows : — 

Brokdn  stODO  •••.•••8 
Coarse  aand,  or  fine  giBTel      ....  1 

Bloe-Iias  lime  1_ 

5 

Upon  this  base,  cross  sleepers  of  pitch  pine, 
6  inches  wide  and  3  inches  deep,  were  laid  at  intervals 
of  6  feet  between  centres.  Longitudinal  sleepers  of 
the  same  timber^  3  inches  wide  and  6  inches  deep^ 
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were  laid  upon  and  let  1  inch  into  the  cross  sleepers, 
to  which  thej  are  secured  with  foor  staples  at  each 
intersection.  At  the  joints  of  the  longitadinal 
sleepers,  cast-iron  brackets  are  employed  to  fasten 
them  by  spikes  to  the  cross  sleepers. 

The  rails,  weighing  4-0  pounds  per  yard,  are 
3  inches  wide  and  1^  inches  thick;  and,  with  the  side 
flanges,  are  2^  inches  deep.  The  width  was  limited 
to  3  inches,  as  it  was  thought  that  a  rail  of  this 
width  would  offer  less  interference  with  ordinary 
traffic  than  a  rail  of  the  usual  width,  4  inches ;  besides 
it  costs  less  in  first  outlay.  The  rails  are  secured  to 
the  longitudinals  by  staples,  at  intervals  of  3  feet  on 
each  side  of  the  rails.  The  joints  are  secured  by  two 
pairs  of  staples  at  the  end  of  each  rail.  A  wrought- 
iron  fish-plate,  15  inches  by  2^  inches,  and  f  inch 
thick,  is  placed  at  the  joints. 

After  the  rails  and  sleepm  were  adjusted  to  the 
street  levels,  the  spaces  aronnd  the  cross  sleepers,  and 
for  2  inches  aboYe  them,  were  filled  with  concrete, 
which  was  brought  to  a  nnif arm  surface  at  a  level 
4|  indies  below  the  snrfaoe-level.  The  cross  sleepers 
thus  became  enveloped  in  a  mass  of  concrete  8  inches 
deep.  Upon  a  ^inch  bed  of  sand,  4-inGh  cubical 
sets  were  laid,  as  pavement,  and  grouted. 

The  Wirral  Tramway  (Birkenhead,  Traimiere, 
Rock  Ferry,  and  New  Ferry),  is  a  single  line,  3  miles 
in  length,  including  sidmgs.  It  was  constructed  to 
the  designs  of  Mr.  Beloe,  as  engineer,  and  was  opened 
in  1877.  In  tlu'  design  of  this  line,  i  feet  Sj,  inches 
in  gauge,  illustrated  in  Plate  IV.,  the  engineer  has 
materially  simplified  the  construction,  compared  with 
that  of  the  Southport  line.  The  rails  are  laid  on 
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longitudinal  sleepers  bedded  in  concrete,  and  con- 
nected by  tie-bars.  In  the  choice  of  this  system  of 
construction,  in  which  tie-bars  were  substituted  for 
cross  sleepers,  the  engineer  was  influenced  by  a  desire 
to  leave  the  already  existing  foundation  undisturbed. 
The  foundation  consisted  of  a  stratum  of  rock-pitch- 
ing, or  rough  stones,  laid  in  by  hand,  10  inches  in 
depth,  and  if  cross  sleepers  had  been  laid,  the  pitch- 
in  sr  would  have  been  broken  into  to  such  an  extent 
as  to  have  seriously  weakened  the  foundation.  Bat^ 
thoogh  the  cost  was  conaiderably  reduced  by  the  use 
of  tie-rods  instead,  of  cross  sleepers,  the  engineer 
has  regretted  that  he  did  not  take  out  the  old 
pitching,  and  hiy  a  foundation  of  concrete  for  the 
whole  width  of  Uie  tramway.' 

The  rails  are  of  steel,  and  are  wider  and  heaTier 
than  the  Sonthport  rails ;  they  are  4  inches  wide, 
weigh  52  pounds  per  yard,  and  are  rolled  to  lengths 
of  21  feet.  They  are  If  inches  thick,  with  side 
flanges  \^  inch  deep,  making  the  total  depth 
inches.  In  improving  upon  the  Southport  rail,  Mr. 
Beloe  observed  that  the  latter  was  not  possessed  of 
sufficient  stiff'ness.  The  rails  are  bedded  on  longitu- 
dinal sleepers  4  inches  wide  and  6  inches  deep,  and 
are  fastened  to  them  by  wought-iron  side  staples, 
10  to  each  rail,  6  feet  apart  at  each  side,  except  near 
the  joints  of  the  rails,  where  they  are  closer  to  each 
other. 

The  ends  of  the  sleepers  are  lodged  in  cast-iron 
chairs  9  inches  long,  tied  together  transversely  hy 
two  |-inch  tie-rods,  which  taJce  a  bearing  by  collars 

'  Froetudmgt  of  the  Inditution  of  Civil  Engineertf  voL  1. 
page  41. 
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on  the  inner  sides  of  tlie  chairs,  and  pass  through 
the  chairs  and  the  aleepers,  and  are  fostened  by  nuts 
outside.  The  sleepers  are  likewise  tied  bj  three 
intermediate  tie-rods  passed  throogh  and  screwed  up 
outside. 

The  ground  was  excavated  to  a  uniform  depth  of 
1\  imihes  below  the  permanent  surfoce ;  two  longitu- 
dinal trenches  in  addition,  12  inches  wide  and  8  inches 
deep,  were  excayated  under  the  sleepers,  where  the 
total  depth  amounts  to  about  10^  inches.  When  the 
rails  and  sleepers  were  ac^usted  in  their  places,  the 


Fiu.  52.  New  duuhle-rail  system,  by       Imo.  63.  New  douUo-raii  sj8ttini,  l>y 
Mr.  C.  H.  Bdoe.  Sade,  ^.  ICr.  C.  H.  Beloa.  Seale. 


whole  of  the  bottom  of  the  excavation,  as  well  as  the 
trenchps  under  the  sleepers,  were  filled  with  concrete 
to  a,  height  of  3  inches  above  the  bottom : — thus  im- 
bedding the  sleepers  to  a  deptli  of  3  inches,  and 
leaving  4^  inches  for  paving.  The  paving  consists 
of  4-inch  cubes  bedded  on  a  -^-inch  kjer  of  sand. 

Mr.  Beloe  has  recentlj  patented  a  system  of 
double-rail'-Hnr  twin-rail,  as  it  may  be  called — ^bolted 
to  east-iron  chairs  on  cross  sleepers,  illustrated  by 
figs.  52  to  55.  The  rails  are  of  steel,  weighing  each 
30  pounds  per  jard,  or,  together,  60  pounds  per  yard. 
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They  are  3^  inehes  in  depth,  and  each  of  them  1  inch 
wide  at  the  lolling  sni&oe,  with  an  interspace  form- 
ing a  grooTe  1  inch  wide :  making  a  total  width  of 

3  inches,  and  a  total  rolling  surface  2  inehes  wide. 

The  rails  are  fastened  to  cast-iron  chairs,  b}-  means 
of  a  f-inch  right- and-left-haDded  screw,  formed  with 
a  four-sided  or  six-sided  head  at  the  middle,  between 
the  twin-rails,  by  which  the  rails  are  screwed-up  taut. 
The  chairs  are  suitably  formed  to  give  tapered  seats 


Fk).  51.    Now  doul»le-rail  system,  by     Fio,  55.  New  double-rail  sys- 
Mr.  C.  il.  I3«loe.  Scalo,  ^.  tern,  by  Mr.  C.  B.  Beioe. 

Section  of  mil,  80  lb*,  per 
yaid.  Sealei  ^. 

for  the  rails,  and  to  fit  the  wedge-form  channels  in  the 
rails,  so  as  to  make  a  firm  union.  The  outer  sides 
of  the  rails  are  flat,  and  are  flush  with  the  body  of 
the  chair  at  both  sides,  presenting  two  vertical  walls 
for  the  paving-sets.  The  space  under  the  rails,  be- 
tween the  chairs,  is  filled  with  concrete,  and  finished 
with  a  layer  of  asphalt,  placed  between  the  twin -rails 
to  form  the  floor  of  the  groove,  which  is  thna  finished 
to  a  depth  of  2^  inches. 
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An  altematiYe  method  of  constrootioii  is  shown  in 
fig.  56»  in  which  fhe  channelled  sides  of  the  twin- 
raOs  are  tnxned  outwazds.  Bj  this  arrangement  an 
ordinarj  holt  and  nut  may  he  employed  to  fiisten  the 
tails,  as  the  head  and  the  nat  can  lie  in  the  channels 
dear  of  the  paving-sets. 


Fkk  6S.   N«w  donUe-xail  system,  bjr  Mr.  0.  H.  Beloe.  Sesle  ^ 

Mr.  Beloe  claims  the  following  ainon<^st  other 
advantages  in  favour  of  his  new  system  : — the  saving 
of  the  cost  of  longitudinal  sleepers,  the  rail  being 
self-supporting ;  the  distribution  of  the  metal  in  the 
rail,  as  a  double-headed  rail ;  the  ease  with  which 
rails  of  this  section  can  be  rolled ;  the  means  of 
tightening  the  fastenings  of  the  rails  by  the  double- 
ended  screw,  without  distorbing  the  payement.  The 
rails  can  he  reversed  when  one  head  is  worn.  A  light 
single-headed  rail  wonld  weigh  21  pounds  per  yard» 
or  42  pounds  in  duplicate ;  and  the  heaviest  section 
which  it  is  proposed  to  employ  would  weigh  60  pounds 
per  yard,  in  duplicate.  The  points  and  crossings  can 
he  forged  out  of  the  rails,  dispensing  with  the  em- 
ployment of  cast-iron  as  a  material  for  points  and 
crossings. 

A  new  bolt-fastening  has  recently  been  devised 
by  Mr.  Beloe,  as  a  substitute  for  the  double-ended 
screw ;  it  can  be  more  easily  removed,  in  case  of 
fracture. 
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MANCHESTER  OOBPOSATION  TBAIiWAYS  : — BABKE&'s 

BTSTEM^  1877. 

Platb  v. 

The  first  contract  for  the  Manchester  Corporation 
Tramways,  was  completed  on  the  8tli  of  May,  1877, 
and  opened  on  the  12th  of  the  same  month.  It 
consists  of  three  sections,  as  follows  : — 

1.  Lower  King  Street^  Bridge  Street;  leading  to 
SaJford  and  Pendleton. 

2.  Deansgate ;  terminus  in  Manchester. 

3.  Hunts  Bank,  Bury  New  Boad,  to  the  City 
boundary ;  leading  to  Higher  Broughton. 

The  total  length,  is  two  miles,  comprising  half  a 
mile  of  double  waj,  and  1^  miles  of  single  way,  with 
six  passing  places.  The  maximum  gradient  on  the 
line  is  at  the  rate  of  1  in  40.  After  six  months  of 
working  the  single  line  in  Bury  New  Boad,  it  has 
been  found  that  it  cannot  be  worked  to  advantage  as 
a  single  line;  and  it  has  been  proposed  to  laj  a 
second  line  of  tramway  in  that  road,  on  Barker's 
system.  The  application  of  this  system  is  to  be 
extended  to  other  lines  imder  the  control  of  the 
Manchester  Ooiporation.    The  system  is  adopted 
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also  for  the  lines  of  tramway  in  course  of  construc- 
tion at  Patricroft ;  and  for  lines  to  Newton  Heath, 
Levenshulme,  OpensLaw,  and  other  places. 

The  Manchester  lines  were  constructed  under  the 
superintendence  of  Mr.  J.  H.  Lynde,  C.E.,  on  the 
system  of  iron  way  shown  in  Plate  V.,  patented  in 
March  1876,  by  Mr.  Benjamin  Barker.  The  peculiar 
features  of  this  system  are  the  longitudinal  cast-iron 
sleepers,  which  afford  a  continaoiui  bearing  for  the 
rail  and  for  the  adjoining  panng-aets;  and  the 
grooved  rail,  of  which  the  lower  snrfiuse  is  indented 
longitudinally,  and  is  formed  with  a  central  flange 
or  web,  bj  which  it  is  fastened  by  cotters  to  the 
sleeper.  The  sleeper  is,  in  section,  like  the  or- 
dinaij  bridge-rail  in  use  on  railways;  but  it  is  of 
larger  dimensions.  It  consists  of  a  hollow  vertical 
portion,  3  inches  wide,  finished  witii  a  solid  head, 
formed  to  fit  and  to  carry  the  rail;  and  two  hori- 
zontal flanges,  about  4  or  4^  inches  wide,  making 
in  all  a  broad  continuous  base  12  inches  io  width. 
The  total  height  of  the  combined  sleeper  and  rail  is 
7|  inches,  and  the  clear  height  aboye  tiie  flange-base 
is  6|  inches,  leaying  a  ^-inch  space  for  bedding  under 
the  paving-sets,  which  are  6  inches  deep,  and  adjoin 
the  rail.  The  sleepers  arc  cast  in  lenprths  of  2  feet 
\\  \  inches,  and  are  stiffened  by  two  tnuisverse  webs 
between  the  vertical  ribs.  The  tliickuess  of  metal  of 
the  sleeper  is  \  inch,  except  for  the  flanges,  which 
are  made  f  inch  thick  at  their  roots,  next  the  vertical 
ribs,  and  taper  in  thickness  to  |  inch  at  their  edges ; 
except  also  the  head  of  the  sleeper,  which  is  suffi- 
ciently massed  to  provide  a  solid  bearing  and  attach- 
ment for  the  rail,  and  a  vertical  wall  at  each  side,  as 
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an  abutment  for  the  stone  sets.  The  castings  weie 
made  from  re-melted  iron,  eoniainingf  at  least  one- 
sixth,  part  of  scrap.  Two  test-bars  were  cast  each 
day  tliat  any  of  the  castings  were  ran,  1  inok  wide, 
2  inches  deep,  and  8  feet  6  inches  long ;  one  of  which 
was  tested  edgewise  on  bearings  8  feet  apart>  and 
was  not  to  break  with  any  weight  less  than  27  cwt. 
applied  at  the  middle.  If  the  test-bar  fitOed  to  sus- 
tain the  test,  all  work  cast  from  the  same  melting 
.was  rejected.  Each  sleeper,  2  feet  11^  inches  in 
length,  was  to  weigh  not  less  than  187  pounds; 
being,  for  a  length,  reckoned  as  8  feet,  at  the  rate 
of  137  pounds  per  lineal  yard.  The  position  of  the 
holes  for  the  keys,  cast  in  the  sleepers,  was  not  to 
vary  more  than  -j'^  incli  from  the  given  position. 

The  rails  were  rolled  of  Bessemer  steel,  3  inches 
wide,  and  weighed  40  pounds  per  yard.  They  were 
rolled  in  lengths  of  18,  21*  and  24  feet.  The  tread  or 
rolling  surface  of  the  rails  is  1^  inches  wide,  and  is 
rounded  with  nearly  ^  inch  of  rise ;  the  groove  is 
I  j^  inches  wide,  and  \^  inch  deep  below  the  summit 
of  the  tread ;  the  outer  ledge  is  f  inch  wide  at 
tlie  surface,  and  is  J  inch  lower  than  the  tread. 
The  side  of  the  groove  next  the  tread  is  vertical, 
the  bottom  of  the  groove  is  -J  inch  wide,  and  the 
whole  of  the  taper  of  the  groove  is  directed  towards 
the  ledge.  The  lower  side  of  the  rail  is  longitu- 
dinally indented,  and  is  strongly  formed  with  in- 
clined flanks,  from  which  the  central  web  depends. 
The  web  is  \  inch  thick,  and  the  total  depth  of 
the  rail  amounts  to  8  inches.  The  indentations  of 
the  rafl  fit  on  the  corresponding  wedge-formed  sor^ 
foces  of  the  head  of  the  sleepers,  and  the  rail  is 
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fastened  to  the  sleepers  by  horizontal  cotters  of 
hard  wrought-  iron,  \  inch  by  |  inch»  slightly  taper, 
which  pass  right  through  the  flange  of  the  rail, 
and  the  head  of  the  sleeper.  There  is  one  cotter 
to  each  sleeper,  except  at  tlie  joints  of  the  rails, 
where  there  is  one  cotter  extra  for  each  end.  By 
this  method  of  attachment^  the  rail  is  secured  by 
the  indented  surfiuses  against  lateral  displacement 
whilst  the  chief  function  of  the  cotter  is  to  hold  it 
down  to  the  sleeper. 

It  was  required  that  the  rails  should  be  manufius- 
tuzed  ftom  a  mixture  of  the  best  English  hematite 
brands  and  spiegeleisen,  cast  into  ingots  of  sufficient 
weight  to  make  one  or  more  rails.  The  curved  rails 
were  bent,  cold,  in  a  bending  machine,  to  the  required 
radii.  The  flanges  of  the  rails  were  punched  for 
the  cotter-holes ;  and  the  holes  were  required  to  be 
within      inch  of  the  proper  position. 

The  way  is  laid  to  a  gauge  uf  i  feet  8  ^-  inches, 
with  an  interspace  4  feet  wide  between  the  two  lines 
of  a  double  way.  The  new  pavement  is  not  confined 
to  the  customary  breadth  of  18  inches  outside  the 
ways,  but  is,  in  some  cases,  laid  for  the  whole  width 
of  the  carriage-way  to  render  the  whole  of  the  sur- 
face uniform.  Allowing,  for  purposes  of  comparison, 
the  usual  18-inch  breadths  of  paving  outside  the  ways, 
the  total  width  for  a  double  way  is  made  up  thus : — 

Veet  InohM 

Two  widtluof  gauge,  4f6et8^iiidifi8  ..96 

Interspace  4  0 

Two  breadths  of  18  inches  ....  3  0 
Four  halfowidths  of  raU  (1^  inches  x  4) .      .0  6 
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The  sleepers  are  not  fastened  together,  but  are 
placed  i  inch  apart  between  end  and  end,  and  make 
up  internals  of  3  feet  for  each  straight  sleeper.  For 
sharp  curvefljthe  sleepers  are  laid  in  shorter  segments, 
18  inches  in  length.  Sleepers  have  heen  cast  to 
match  carves  in  some  instances;  bnt»  it  is  said,  it 
is  not  necessary  to  provide  sleepers  of  a  curved  form. 

The  roadway  was  excavated  to  a  uniform  depth  of 
about  8  inches.  The  bottom  of  the  excavation  was 
taken  as  the  foundation  for  the  sleepers,  as  the 
ground  was  considered  to  be  su£Blciently  consoli- 
dated to  support  the  tramway  with  its  extensive 
bearing  surface,  without  the  assistance  of  special 
concrete  foundations.  The  sleepers  were,  neverthe- 
less, for  the  purpose  of  packing,  bedded  on  a  1-inch 
layer  of  rough  mortar.  Before  being  laid,  they  were 
filled  with  rough  mortar.  The  mortar  was  composed 
of  three  parts  of  clinker,  and  one  part  of  Ardwick 
(hydraulic)  lime,  ground  in  a  mill. 

The  rails  were  bedded  on  the  sleepers  in  gas-tar, 
which  aids  in  filling  up  any  chance  vacancies  between 
the  sleepers  and  the  rails.  The  flat  rails,  without 
grooves,  were  only  laid,  as  outer  rails,  at  one  curve 
of  the  way,  having  a  radius  of  82  feet. 

The  paving  is  of  granite  sets,  8  inches  wide,  and 
6  inches  deep,  laid  on  a  2-inch  bedding  of  small 
gravel,  or  old  macadam.  The  joints  were  filled  with 
pea-graTCl  or  smsll  granite  chips,  and  grouted  with 
a  boiling  mixture  of  pitch  and  creosote,  on  the 
system  which  has  for  years  been  practised  in  laying 
pavement  in  Manchester.^ 

^  For  BOffle  aoeount  of  the  Mancliester  system  of  paving,  see 
CmttnMtiiim  vf  Boain  md  StneU,  1877.  Oioeliy  Loclnirood 
&0o. 
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The  contraotora  are  required  to  replace  anj 
sleepers  or  rails  found  to  be  defectiye  for  a  period  cdP 
twelve  months  after  the  work  was  completed.  Pay- 
ments were  made  at  intervals  to  the  extent  of 
80  per  cent,  of  the  vslne  of  the  work  executed;  the 
balance  was  payable  at  the  expiration  of  three  months 
after  the  completion  of  the  works. 

In  one  mile,  single  line,  of  Mr.  Barker's  system  of 
tramway,  as  laid  in  Manchester,  there  are  215  tons 
of  cast-iron  sleepers,  and  63  tons  of  steel  rails.  Of 
the  mortar  bedding  for  the  sleepers,  40  tons  per 
mile  was  used.  The  price  of  the  rails,  delivered, 
was  £8.  per  ton,  and  that  of  the  sleepers  was 
£5.  4«.  6ci.  per  ton.  The  mortar  bedding  cost  7«.  6t/. 
per  ton^  delivered  on  the  ground.  The  total  cost  for 
materials  and  labour,  to  remove  the  old  paving, 
prepare  the  bed  for  the  sleepers  with  a  layer  of 
rough  mortar  1  inch  thick,  and  lay  in  the  tramway 
complete  (exdnsive  of  all  charge  for  paving),  was 
£2,820  per  mile,  single  line.  The  annexed  is  a  cost- 
list  comprising  the  items  of  cost  in  tabolar  form : — 

MAWOBTBWit  OOBPOBATIOV  TbAXWATB,  BaJUCBB's  STBZSIf. — 

CkMT  PXB  mu,  SnreLB  Lnra^  1877. 

«  «.  4:  s  A  A 

216 tons eaat-inm sleepera        @6  4  6  1,1S8  7  6 

eS  tons  steel  rails,  40  lbs.  ptryitd®  8   0  0  fi04  0  0 
1 ,760  lineal  yards,  labour,  mortar- 

b«>d,  and  royal^      .      .      @0   7  3  638  0  0 

Wedge  keys   25  0  0 

Carting  materials  (iron  only)       .      .  •  20  12  6 

Coat  of  way  2,320    0  0 

4,400  square  yard»  of  paving       @  0  12    0      2,(;40   0  0 

Total  £Ajm  0  0 
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A  rail  and  cliair,  fii?.  57,  of  the  same  principle  of 
construction,  and  of  lighter  scantlings  than  those 
employed  for  the  tramways  in  Manchester,  have  been 
designed  for  country  lines  of  light  traffic,  paved  with 
4-inch  sets,  or  for  foreign  lines  laid  with  macadam. 
The  rail,  of  steel,  weighs  31 J  pomids  per  yard  ;  it  is 
2}  inches  wide,  and  has  a  rolling  snxface  1^  inches 


Fio.  67*   Barker'n  nystem,  desisted  for  country  lines  of  light  tnffic 
Kail,  Sl^Ibfi.  per  yard.    Scale,  \, 

wide.  The  sleeper  weighs  90  pounds  per  yard ;  the 
base  of  ihe  sleeper  is  10  inches  wide,  and  it  is  5  inches 
helow  the  level  of  the  raiL  The  tie-rods,  to  be  nsed 
for  macadam  roads,  are  of  bar-iron,  }  inch  by  ^  inch, 
fastened  by  cotters  driven  through  at  the  outer  sides 
of  tiie  sleepers.  The  cost  of  ^lis  pattern  of  con- 
struction amounts  to  :S1,650  per  mile,  exclusive  of 
paving. 
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LnrBBPOOL  TBAHWATB  : — DBAOOV'S  8T8TEX,  1877. 

PlATB  VI. 

The  Liverpool  Tramways  are  (December  1877)  bein^ 
reconstructed  on  the  system  of  Mr.  George  F.  Deacon, 
the  borough  engineer,  and  under  his  superintendence. 

nn?EB  ontoLB. 

The  plans  and  s]>eeifications  for  the  reconstruction 
of  the  *  inner  circle,'  by  which  all  the  outer  lines  are 
connected,  were  prepared  by  the  borough  engineer, 
and  approved  by  the  engineer  to  the  Liverpool 
Tramways  Company.  The  leading  feature  of  Mr. 
Deacon*8  system,  illustrated  by  Plate  VI.,  is  the 
method  of  fastening  the  rail  to  the  longitodinal 
deeper  and  the  foundation  of  concrete,  by  means 
of  a  central  bolt  The  fastening  is  suitable  for  a 
side-groove  or  a  central-groove  rail ;  but  in  Liver- 
pool the  central  groove  has  been  adopted.  The  width 
of  exposed  metallic  snriaoe  ia  thereby  reduced  to  a 
minimnm,  whilst  the  whole  area  not  occapied  bj 
the  groove  being  utilised  as  tread,  the  total  width 
of  tread  or  rolling  snrfiice  is  greater  than  that 
of  the  ofdinaiy  grooved  raiL 
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In  order  at  once  to  place  the  pavement  and  the 
rails  on  the  same  foundation,  and  to  render  the 
whole  Bor&ce  uniform,  the  streets  of  the  inner  circle 
have  been  entii^y  repaved,  and  provided  with  new 
foundatioiis  of  concrete  for  their  whole  width  of 
camage-wajy  oimnltiuieoiisly  with  the  laying  of  the 
tramways.  The  old  foundations  of  the  tramways  and 
of  the  streets  have  been  entire^  token  ont,  and  the 
excavation  cleared  to  a  depth  of  14^  inches  below  the 
permanent  snr&ce  of  the  street.  On  the  bottom,  a 
foundation  of  concrete,  made  with  Portland  cement, 
7  inches  deep,  is  laid  for  the  whole  width  of  the  street, 
and  finished  with  a  perfectly  smooth  surface.  The 
concrete  is  left  alone  to  set  and  harden,  for  eif^ht  days 
at  least,  before  any  paving  is  laid.  The  lonp^itndinal 
sleepers  on  which  the  rails  are  laid,  are  of  Meniel, 
Dautzic,  or  Riga  red-pine,  inches  deep  and 
8^  inches  wide.  For  straight  lengths, they  are  of  either 
of  two  lengths — 24  feet  2  inches,  or  18  feet  1 J  inches. 
For  curres,  they  are  in  lengths  of  6  feet  j  inch,  sawn 
from  the  solid  wood  to  the  required  curvature.  The 
upper  surface  of  the  sleeper  is  moulded  to  the  form 
of  the  raiL  Openings  are  cut  into  the  sleeper,  from 
the  upper  face  and  one  of  the  sides,  to  receive  the 
fEustenings.  All  the  sleepers  aie  mosoted  with  not 
less  than  10  pounds  of  creosote  oil  per  cubic  foot  of 
timber.  The  sleepers  are  placed  in  position  when  the 
concrete  becomes  perfectly  firm,  and  after  the  nuts 
have  been  placed  on  the  holding-down  bolts. 

The  rails  are  of  Bessemer  steel,  weighing 
61  pounds  per  yard,  rolled  in  lengths  of  24  feet 
2  inches,  with  ten  per  cent.  21  feet  or  1 7  feet  in  length, 
and  making-up  pieces  of  shorter  lengths.    They  are 
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3J  inches  wide,  and  3J  inches  deep  over  the  flanges. 
The  groove  is  in  the  middle  of  the  upper  surface, 
1  inch  wide  and  \^  inch  deep,  formed  to  a  semicircle 
at  the  bottom.  The  upper  bearinp^  surfaces  at  the 
sides  of  the  groove  are  each  1 1  inches  wide — together 
2^  inches.  Some  allowance,  Mr.  Deacon  admits, 
must  be  made  for  defective  gauging  of  wheela  and 
rails  ;  but  he  is  of  opinion  that  even  |  inch  is  ample 
width  of  groove.  The  thickness  of  the  rail,  measnred 
from  the  surfiboe,  is  If  inches.  Under  the  groove,  the 
ihicknesB  is  reduced  to  a  half,  or  ^  inch;  hat^  as 
the  depth  of  the  groove  is  twice  as  great  as  the 
depth  of  the  wheel-flanges,  the  mil  cannot  be 
worn  at  this  point.  The  flanges  depend  1}  inches 
below  the  head;  the^  are  of  great  strength,  being 
\  inch  thick  near  edges,  and  thickening  np- 
wards.  The  test  applied  to  the  rails  is  the  flUl  of 
a  weight  of  20  cwt.,  through  a  height  of  12  fbet,  upon 
the  middle  of  a  rail  laid  on  supports,  at  a  span  of 
5  feet.  If  the  rail  be  cracked  under  this  test,  the  other 
rails  made  from  the  same  charge  aie  liable  to  be  re- 
jected. The  rails  are  also  tested  by  chemical  ana- 
lysis. Such  as  are  found  to  contain  less  than  0*80, 
or  more  than  0*45,  per  cent,  of  carbon,  are  liable  to 
be  rejected. 

The  rails  are  coated  at  the  under  side  with  thick 
coal-tar,  preparatory  to  bein^  laid  in  position  on  the 
sleepers.  They  are  fastened  by  means  of  a  central 
|-inch  bolt  of  adjustable  length,  formed  with  an  eye 
at  the  upper  end,  which  embraces  a  ^-inch  round 
iron  cross  pin,  passed  horizontally  through  |-inch 
round  holes  in  the  flanges  of  the  rail.  The  bolt  passes 
down  through  the  sleeper,  and  nearly  through  the 
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stratum  of  concrete,  and  is  formed  with  a  head  at 
the  lower  end,  whush  takes  a  bearing  npon  a  round 
cast-iron  plate  or  washer,  6  indies  in  diameter,  which, 
with  the  lower  portion  of  the  bolt,  is  imbedded  in 
the  concrete.  The  bolt  is  parted  above  the  concrete, 
within  the  body  of  sleeper,  and  the  parted  ends  are 
united  by  a  right-and-left-handed  double  nut^  afford- 
ing the  means  of  solidly  screwing  down  the  rail  upon 
the  sleeper,  at  the  openings  in  the  side  of  the  sleeper, 
and  both  together  to  the  foundation.  When  the 
screwing  down  is  completed,  the  side  opening  is 
covered  by  ;i  sheet  of  canvas,  coated  with  red  lead. 
A  holding-down  bolt  is  applied  at  a  distance  of 
8  inches  from  each  end  of  evtn-y  rail,  and  inter- 
mediately at  intervals  of  about  3  leet  2  inches.  The 
holding-down  bolts  are  placed  in  position  before  the 
washers  are  bedded,  and  each  bolt  is  enveloped  in 
a  cast-iron  thimble,  which  is  withdrawn  after  the 
concrete  has  set.  In  laying  the  washers,  a  framed 
template  is  used,  from  which  the  bolts  are  hung  in 
their  prop(;r  positions.  The  wrought  iron  was  to  be 
capable  of  bearing  a  tensile  stress  of  21  tons  per 
square  inch.  The  cast  iron  was  to  be  of  such 
stoength  that  a  bar  1  inch  squaie,  3  feet  6  inches 
long,  should  not  break  with  a  weight  less  than 
850  pounds  applied  at  the  middle,  on  a  span  of 
8  feet. 

The  paTing-sets  are  from  7  to  7^  inches  deep, 
laid  on  a  i-inch  bed  of  sand^  except  the  sets  next  the 
rails,  which  consist  of  the  most  durable  stone— the 
hardest  granite,  or  ooarse-grained  trap.  These  ace 
caxefnlly  hammer-dressed  in  such  a  manner  that  their 
edges  touch  the  sides  of  the  rails,  and  that  they 
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touch  eacli  other  at  their  surfaces  near  the  rails ;  so 
that  the  upper  sur&ces  of  the  paving-sets  next  the 
rails  are  practically  continuous.  Mr.  Deacon  con-> 
eiders  that,  by  this  means,  the  rate  of  wear  and  loss 
of  leyel  of  the  payement  next  the  rails,  shall  be  re- 
daoed  to  a  minimnm,  and  that  the  inoonyenienoe  of 
hoUows  or  differences  of  level  between  the  rails  and 
the  payement  shall  be  obyiated.  The  sets  next  the 
rails  are  bedded  on  cement  instead  of  sand;  they 
are  alternately  wholes  and  halyes,  and,  as  they  are 
accorately  gauged  in  all  directions,  they  can  be 
drawn  and  replaced  by  similar  sets  witiiont  dis- 
turbing the  snrronnding  payement.  The  sets  are 
from  5  to  7  inches  long,  and  are  of  snch  thickness 
that  four  sets,  chosen  at  random,  and  placed  side  by 
side,  may  measure  not  more  than  14  inches  across 
all  the  stones.  The  sets  are  laid  us  closely  as  is 
consistent  with  the  straightness  of  the  courses.  The 
joints  are  then  filled   with  clean  dry  gravel,  from 

inch  to  ^  inch  in  diameter,  which  is  shaken  down 
by  the  ramming  of  the  sets.  This  process  is  rej»ealed 
until  the  joints  are  filled  with  gravel,  and  the  sets 
no  loiij^'er  shake  under  the  rammer.  The  joints  are 
finally  run  n])  with  a  boiling  mixture  of  pitch  and 
creosote,  by  which  the  smallest  crevice  or  interstice 
is  completely  occupied,  and  the  joint  is  made  per- 
fectly watertight. 

A  short  piece  of  tramway  constructed  on  this 
plan  was  laid,  in  the  middle  of  the  year  1875,  in  sub- 
stitution for  a  portion  of  one  of  the  old  lines  in  Liver- 
pooL  The  ordinary  cars  haye,  since  that  time,  been 
running  npon  the  new  piece  in  a  satisfiictory  manner. 

Daring  the  past  sommer,  the  whole  length  of 

£  a 
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the  inner  circle  lias  been  reoonBtractied  and  opened 
for  traffic.  The  ordinary  cars  run  upon  the  new  line 
with  greater  ease,  it  ia  reported,  than  upon  the 
original  portions  of  the  line.  As  the  ordinary  c<u^- 
wheels  wear  ont,  they  are  replaced  by  central-flange 
wheels,  haying  a  tread  on  each  side  of  the  flange. 
Until  the  whole  of  the  existing  lines  are  recon- 
structed, the  central-flange  wheels  will  run  upon 
both  the  side-grooved  and  the  central-grooved  rails. 

BBANOS  LINES. 

The  general  principle  adopted  in  the  construction 
of  the  inner  circle  of  tramways,  by  which  nniformity 
of  foundation  and  of  pavement  is  insured,  and  by 
which  the  rail  is  firmly  secured  to  the  foundation, 
is  maintained  in  the  modified  design,  Plate  YI., 
proposed  fbr  the  branch  lines,  which  are  thns  de- 
scribed:— 

Thronghont  the  inner  circle,  paving-sets  from 
7  to  7^  inches  deep,  have  been  employed ;  but  these 
dimensions  exceed  by  one  inch  the  depth  of  paving- 
sets  generally  adopted  in  Liverpool,  for  all  streets  ex- 
cept those  of  the  very  heaviest  traffic  If  rails  of 
the  same  section  as  that  of  the  rails  laid  in  the  inner 
circle,  were  employed  for  the  shallower  paving,  it 
would  be  diflScult  to  reduce  the  depth  of  the  sleepers 
by  one  inch,  without  unduly  cutting  away  the  sleeper 
at  each  bolt.  For  this  reason,  and  also  with  a  view 
to  the  arrangement  of  the  fastenings  so  that  the  rail 
may  either  be  fastened  down  or  removed  without  dis- 
turbing any  sets,  the  cast-iron  washers  difl'er  from 
those  of  the  Inner  Circle^  in  having  a  larger  hollow  to 


Digitized  by  Google 


UVERPOOL  TRAMWAYS,  149 


receive  tlie  head  of  the  bolt>  and  having  tlie  bolt- 
hole  half  an  inch  larger  than  the  bolt.  Before  the 
concrete  is  laid,  the  level  of  the  washer  is  fixed  by 
a  slate,  placed  beneath  it,  as  shown,  or  bj  a  stone, 
or  a  brick,  bj  which  the  washer  is  supported. 
WhOe  the  concrete  is  being  formed  above  the 
washer,  the  thimble  remains  ronnd  the  bolt,  and 
is  withdrawn  when  the  concrete  has  set  The  yer- 
tical  holes  through  the  sleepers,  also,  axe  half  an  inch 
larger  than  the  bolts.  The  upper  end  of  the  bolt  is 
screwed  into  a  covered  nnt  of  phosphor-bronze,  which 
is  sunk  into  the  rail  through  the  bottom  of  the  groove, 
and  made  a  tight  fit  therein  with  red-lead.  The  bolt, 
where  it  passes  through  the  rail,  is  also  a  good  fit. 
As  the  bolt  is  free  to  move  in  the  concrete,  vertically 
or  laterally,  with  the  rail,  the  joint  is  free  from 
liability  to  dislocation  by  vibration  or  by  weight  of 
traffic. 

In  the  fastenings  shown  in  Plate  VI.,  the  cast- 
iron  washer  projects  upwards,  so  that  its  upper  side 
is  flush  with  the  concrete.  The  concrete  can  there- 
fore be  finished  of^  without  interference  from  any 
snch  projecting  parla.  The  concrete  between  the 
jaws  is  afterwards  scraped  out,  and  the  head  of  the 
bolt  is  inserted.  When  the  sleeper  is  laid,  a  mixture 
of  boiling  pitch  and  creosote  oil  is  run  into  the 
groove  to  fill  the  hole  in  the  sleeper  and  the  space 
between  the  jaws.  This  asphalt  is  plastic  when  set; 
and,  whilst  it  prevents  the  bolt  from  turning,  it 
allows  it  to  vibrate  with  the  raiL  The  washer  is 
rectangular  in  section,  8  inches  long  by  6  inches 
crosswise  of  the  rail.  With  such  a  fiistening,  it  is  said 
that  the  tramway  can  be  hud  with  fiusility;  and  as 
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there  is  a  liberty  of  3  inches  one  way,  and  j  inch 
another  way,  for  setting  the  bolt-head  between  the 
jaws,  no  special  degree  of  nicety  is  required  in  setting 
the  bolt.  The  fastenings  axe  now  in  use  under  the 
heaviest  traffic  of  Liverpool. 

The  rail  is  of  steel,  and  weighs  42  pounds  per 
yard*  It  is  made  of  a  T  section,  having  the  central 
groove  and  a  central  web.  It  is  3  inches  wide^  and 
2 J  inches  deep.  The  nut  is  screwed  up  by  means  of 
a  four-pronged  key,  and  Mr.  Deacon's  experiments 
show  that  one  man  can  readily  draw  down  the  raila 
with  a  pressure  of  £rom  2  to  8  tons  at  each  fasten- 
ing. The  depth  of  the  rail  and  sleeper  together 
amounts  to  6  inches,  which  is  also  the  depth  of  the 
paving-sets.  For  country  or  suburhan  lines,  a  per- 
fectly firm  tramway  may  be  constructed  on  this 
principle,  by  merely  laying  each  line  of  sleepers  on  a 
foundation  of  concrete,  9  inches  or  18  inches  wide. 
In  Oanaday  where  timber  is  plentifol,  a  line  of  tram- 
way has  been  proposed,  on  the  principle  of  the  line 
now  described,  without  any  foundation  of  concrete, 
but  with  longitudinal  foundations,  consisting  of 
tinilxT  sleepers  laid  flat  on  their  sides,  to  support 
the  grooved  sleepers  and  the  rails. 

The  oniployment  of  cast-iron  sleepers,  as  arranged 
by  Mr.  Beacon,  is  also  shown  in  Plate  VT.  He  does 
not  consider  it  necessary  to  sink  such  sleepers  in  the 
concrete.  By  keepino:  them  above  tlie  concrete  the 
laying  of  the  concrete  is  not  interfered  with  by  them. 
They  are  bedded  on  a  thin  layer  of  cement. 

Tt  liMR  lH>en  found  in  the  experience  that  has  been 
had  hitherto  of  Mr.  Deacon's  systems  of  fastening, 
that  neither  cross  sleepers  nor  cross  ties  axe  neces- 
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sary.  Under  the  heavy  traffic  of  the  principal  streets 
of  Liverpool,  the  gauge  has  been  maintained. 

Although  Mr.  Deacon  recommends  the  applici^ 
tion  of  the  central  groove  for  tramways  which  are 
not  to  be  connected  to  side-groove  lines,  yet  the 
principle  of  the  rails  and  fastenings  which  he  has 
adopted  may  with  equal  facility  bo  employed  for 
side-groove  rails,  as  shown  in  Plate  VI. 

The  annexed  table  contains  particulars  of  the  cost 
of  construction  of  tramways  on  Mr.  Deacon's  systems^ 
for  four  kinds  of  way,  illnstrated  in  Plate  YI.  The 
third  and  fourth  are  two  lighter  and  less  costly 
forms,  on  the  same  leading  principle  of  constmction 
as  the  second  design.  The  raib  weigh  only  35  pounds 
)jer  yard,  and  are  of  a  section  absolutely  stronger 
than  many  rails  of  older  forms  and  greater  weight. 

The  cost  of  the  stone  pavements  of  Liverpool — 
exclusive  of  concrete  foundation,  comprising  the 
stone-sets,  a  bedding  of  sand,  and  outin<,r  of  (gravel 
and  asphalt — is  about  9«.  per  square  yard,  when 
the  sets  are  6  inches  deep,  and  6«.  6<f.  when  the  sets 
are  4  inches  deep.  The  costs  per  yard  forward,  and 
per  mile,  comprising  two  18-iuch  breadths  outside 
the  rails,  are  as  follows : — 

SiKOLE  LrvE  Per  jard  forward         Per  mile 

£    «.    <f.  £ 

For  Mto  6  incbee  dMp  .  .  1  2  6  1,804 
Do.      4     do.       .      .  0  16  3  1,430 

OBOSBDrOS  AKD  POIKTS. 

Throughout  the  reconstructed  lines,  the  crossings 
are  formed  by  bevelling  the  ends  of  one  of  the  lines  of 
rails^  and  cutting  a  groove  across  the  other  line  of 
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Liverpool  Thamways  : — Deacon's  T&aii 


Quantitiea  and  Approximate  Cod  per  Yard 


ficflsemer  tteel  nils 


Wrottght-troD  serawed  bolts,  nuts,  and  pins  . 

Two  cast-iron  wftsliers  


Hol.   Hate  VI. 

Tramwaj  is  relaid  in  Inner  Circle, 
LlTnpMiL  FooDdstioii  of  «oii« 
craters  feet iridtt. 
BaO,6inH.pcr]rsid 


Two  tiolid  t'luiril  i»lup>ii(iiir-liri>!iz('  nuts  (screwed) 

IIulvs  drilled  iu  rails  

Baltic  red-pins  skciKsrs,  seasoned,  shaped,  and  creo- 

•oted ;  two  lineal  yaidi  

DrilltD^  and  cutting  holes  for  ftstening  in  deepen 


Foundation 


Excavation  

Labour  in  Iftjing  nib  and  aleq^  . 


Cost  [H-r  lineal  yard  (exclusive  of  paving) 
Cost  per  mile         (     do.  do.  ) 


cwt.  or.  lb».  oz 
1    0  10  0 

0    0    6  8 

0     0    10  8 
None 
2  holes 
6"  X  3i"  » 
*81  cn.  ft. 

P,  oencnt  oon- 
erate,  T^^deq), 
21  aq.yds. 


£  s. 
0  8 


d. 

8 


0  15. 


0  () 

0  0 

0  0 

0  2 

0  0 

I  0  11 

0  8 

0  2 


8 
0 
4 

10 
8 

•I 

0 


£  s.  d. 
1  10  U 

2,721    0  0 


NoTB  TO  Table  —The  co»t  for  paving,  in  setB  G  inches  deep,  compribuig  the  18-mcU 
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WAYS,  WITU  CoilFfiNSATING  FaSIENINO. 


Fwward^  Single  Line  {EaccLuaive  of  Paving). 


KO.S.  FlatoTI. 

Tramway  proposed  for  iirkin 
branch  HrK-s.  Livcrrxx)!.  Founda- 
tion cif  oiiK-rttf,  s  lift  wide. 
Bail,  43  IbH.  per  >ar(l 

Wo..  S. 

Panic  a»  Xo.  2,  with  fminla- 
tioii  tff  ciinrrftv.  \'l  ill  !k'S 
wide  tm-l.  r  taoli  ^l<TlH•r. 
Rail  'Sb  lbs.  per  yard 

No.  4. 

Same  a.^  Xo.  3,  wilb  uruas 
timlMT  ^lec|H>r8  nt  Average 
intennUi  of  8|  feet,  init«d 
of  ooDcrata. 
Batl,»ll]6.|wr7Md 

qr.  lbs.  oz. 
3    S  0 

£ 
0 

«. 

6 

dL 
2 

qr.  lbs.  oz. 
2   14  0 

£ 
0 

<.  d. 
4  10 

qr.  lbs.  oz. 
2  14  0 

£ 
0 

«.  ti. 
4  10 

0    2  10 
(Xo  nnt  orpin) 

0 

0 

:! 

0    2  10 

(No  nut  or  pin) 

!• 

0 

i 

0     1  lf)i 

0 

0  6 

n  14  0 

0 

0 

0    14  0 

'  0 

0 

10 

0    r,  75 

0 

0  4 

U     0  6i 

0 

1 

0 

0     0  5 

0 

0 

9 

0     0  6 

0 

0  9 

4  holes 

0 

1 

0 

4  lioleH 

0 

1 

0 

4  holes 

) 

I 

0 

1  0 

-668  CO.  a. 

0 

2 

■ 

8. 

hh"  X  3"  - 
-688  cu.  ft. 

lo 

) 

2 

5i"  y  :V' 
•688  cu.  ft. 

0 

2  8 

0 

0 

3 

0 

0 

3 

0 

0  3 

I*,  cement  con- 
crete, 6"  deep, 
-'jj  wj.  3  d». 

0 

7 

6. 

F.  cemeut  coa- 
cnte|  6*  deep, 
i  aq.  yds. 

2 

8 

2  I  in. 
cro&A  sleepers 

1 

0 

2  7 

0 

2 

6 

0 

2 

0 

0 

2  0 

0 

1 

1 

0 

1 

1 

0 

1  8 

£ 

1 

«. 

d. 
7 

X 

0 

s. 

16 

d. 

.1 

£ 

0 

s.  fL 
16  2 

2»076 

0 

0 

1,430 

0 

0 

1»423 

0  0 

breadths  outside  the  rails,  is  £i.  2s.  Get.  per  yard  forward,  or  £1^04  per  mile. 
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rail.  The  fixed  points  are  of  chilled  cast  iron,  and 
those  which  are  movable  have  shear-steel  tongues. 
In  the  ordinary  side-grooved  point,  the  tread  of  the 
wheel  travels  for  some  distance  onlj  on  the  thin  edge 
of  the  point,  and  80  lapidlj  wears  it  down.  When 
the  point  is  thus  worn,  the  wheel  ainks  and  runs 
below  the  level  of  the  tail;  and,  in  passing  over  the 
point,  from  the  branch  to  the  main  line,  it  has  to 
remount  on  the  main  line  rail,  an  operation  by  which 
an  inclined  plane  is  gradnallj  worn  into  the  surface 
of  the  rail.  This  evil,  it  is  thought,  is  to  a  great  ex- 
tent obviated  by  the  nse  of  the  central-flanged  wheels 
employed  to  ran  upon  Mr.  Beacon's  rails ;  for,  one  of 
the  treads  of  the  wheel  has  alwajs  a  bearing  npon  the 
tread  of  the  rail.  In  order  still  further  to  increase  the 
width  of  bearing  surface,  the  width  of  the  groove  at 
and  near  the  point  is  reduced  as  much  as  is  prac- 
ticable ;  and  the  wheel,  in  running  over  the  point 
from  the  branch  line,  arrives  in  a  much  shorter  dis- 
tance upon  the  tread  of  the  main-line  rail.  With  the 
same  object  in  view — the  presei-vation  of  continuity 
of  bearing  surface — the  depth  of  the  groove  at  and 
near  the  joint  is  made  the  same  as  the  projection  of 
the  wheel-flange. 
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MB.  B0BIH80N  SOUTTAX'S  BT8TEK  OF  TXAMWAT. 

Mr.  RoBiNSOir  Sotjttab  designed  a  system  of  tram- 
way, with  a  timber  snbstmctnre,  patented  by  bim  in 
March  1876,  and  illustrated  in  figs.  5d  to  61.  It  is  a 

system  of  transverse  and  longitudinal  sleepers,  upon 
which  double- flanged  grooved  rails  are  carried.  Tbe 
following  description  is  abstracted  from  a  complete 
specification. 


Fiu.  68.    Mr.  KobiDHOD  Souttar  s  system  of  tramway.   Scale,  |. 

Tor  a  gangeof  4  feet  8^  inobes,the  roadway  is  to 
be  excavated  for  a  width  of  abont  8  feet  for  a  single 
way,  and  lOJ-  feet  for  a  doable  way ;  with  a  flat  floor, 
to  a  depth  varying  with  the  quality  of  the  groond, 
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averaging  about  l-i^  inches,  and  never  less  than 
12^  inches.  A  foundation  of  concrete,  7  inches 
deep,  is  to  be  prepared  and  laid  in  the  following 
maimer.    The  concrete  is  to  be  composed  of-^ 

Portland  cement  .  .  .  .  1 
Cloan,  sharp,  sandy  gravel  .  .  4 
iirukeu  stuue       .      .       .      .  5 

io" 

The  cement  is  to  be  of  the  very  best  quality, 
weighing  87^  pounds  per  cubic  foot,  without  hay- 
ing been  pressed ;  it  is  to  pass  through  a  sieTe  of 
50  meshes  to  the  inch,  ezcepting,  it  may  be,  a  quan- 
tity not  more  than  10  per  eent.  rejected  by  the  sieve. 
The  cement  when  tested  for  tensile  strength  is  not 

to  break  with  a  load  of  less 
than  800  pounds  on  a  sec- 
tion of  2^  square  inches 
area,  after  haying  been 
immersed  in  water  for 
7  days.  The  grayel  is  to 
be  free  from  dirt,  clay, 
loam,  or  other  impurity. 
To  mix  the  cement,  the 
gravel  is  to  be  spread  on 
boards — not  on  the  ^ound 
— -in  quantities  of  not  more 
than  5  cubic  feet  at  a  time.  The  cement  is  to  be 
spread  uniformly  over  the  gravel,  and  thoroughly 
mixed  with  it  in  the  dry  state ;  then  water  is  to  be 
added,  from  a  small  tank,  distributed  through  a 
rose,  and  the  whole  is  to  be  thoroughly  mixed  in 
the  wet  state.    The  concrete  is  to  be  protected 
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whilst  setting  from  the  influence  of  excessive  sun- 
shine, heavy  rain,  or  frost. 

A  bed  of  fine  concrete,  3  inches  deep,  is  to  be 
laid  on  the  ground  for  each  cross  sleeper,  into  which 


Fia.  60.  Mr.  fiobinaon  Souttar's  •ystem  of  tnunvay.   Scale,  \t 

the  deeper  is  to  be  beaten  down  and  adjusted  by 
means  of  the  straight-edge  and  the  level.  When 


Fio.  61*  Mr.  RobinsoD  Souttar's  system  of  tramwaj.   Section  of 

rail,  66  lbs.  per  yard.    Scale,  ^. 

the  cross  sleepers  have  thus  been  adjusted,  a  layer  of 
broken  stone,  well  watered,  is  to  be  scattered  over 
the  floor  of  the  excavation;  upon  this  a  layer  of 
eonerete  is  thrown  down,  then  a  second  lajer  of 
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broken  stone  is  to  be  laid  on  and  beaten  into  the 
concrete.   These  are  to  be  sacceeded  by  alternate 

layers  of  concrete  and  broken  stone,  until  the  snr&oe 
level  of  the  cross  sleepers  is  reached,  when  the  mass 
is  to  be  finished  with  a  layer  of  tine  concrete  well 
beaten  and  flushed  uniform  with  the  surface  of  the 
cross  sleepers,  makin(^  a  total  depth  of  7  inches  of 
concrete.  The  proportion  of  broken  stone  and  yrravel 
to  cement  in  this  mixture  is  nut  to  average  more 
than  9  to  1. 

The  sleepers  are  to  be  of  the  best  Baltic  red  pine, 
sawn  on  all  sides  true  and  square,  and  creosoted  with 
10  pounds  of  creosote  oil  per  cubic  foot.  The  cross 
sleepers  are  to  be  7  feet  6  inches  long,  of  a  trapezoidal 
section,  4  inches  deep,  7  inches  wide  at  the  lower 
side,  and  5  inches  wide  at  the  upper  side.  They  are 
to  be  hiid  at  a  distance  apart  of  6  feet  between  centres, 
except  at  points  and  crossings,  where  additional 
sleepers  may  be  required.  The  longitudinal  sleepers 
are  to  be  4  inohes  wide,  and  6  inches  deep;  the 
straight  sleepers  are  to  be  cut  into  lengths  of  18  feet, 
24  feet,  and  80  feet.  Gnnrilineal  sleepers  are  to  be 
aecnrately  sawn  from  solid  wood,  and  for  cnrres  of 
less  radius  than  800  feet  the  lengths  may  be  reduced 
to  12  feet.  The  longitudinal  sleepers  are  to  be 
square-jointed  and  accurately  rebated  to  fit  the  rail; 
they  are  to  be  fiistened  by  wrought-u'on  brackets, 
one  at  each  side,  to  the  cross  sleepers :  —of  ^-inch 
plate,  4  inches  wide,  let  flush  into  both  sleepers,  and 
fixed  to  each  with  four  3-inch  iron  spikes. 

The  rails  are  to  be  of  Bessemer  steel,  weighing 
55  pounds  per  yard  ;  to  be  in  lengths  of  24  feet,  with 
a  proportionate  quantity,  not  exceeding  5  per  cent,  of 
the  whole,  in  shorter  lengths,  not  less  than  18  feet. 
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The  ciir?ed  rails  are  to  be  bent  at  the  mamifiMstorf. 
The  rail,  4  indhes  wide,  is  formed  with  two  side 
flanges,  which  are  not^  as  in  ordinary  flanged  rails, 
flush  laterally  with  the  head ;  bat  they  are  set  in- 
wards, or  indented,  to  the  extent  of  f  inch  at  each 
side.  The  object  of  the  indentation  is  to  admit  of 
the  staples  employed  to  fasten  the  rail,  being  driven 
flush  with  the  sides  of  the  sleeper  and  the  rail,  so 
that  there  may  nut  be  any  projection  which  would 
prevent  the  paving-sets  from  abutting  closely  against 
the  rail;  to  avoid  the  formation  of  grooves  and  ruts 
iu  the  pavement.  Each  24-feet  rail  is  to  be  punched 
for  18  holes  alternately  through  the  sides  of  the 
rail ;  shorter  lengths  iu  proportion.  The  ends  of 
the  rails  are  to  be  stayed  by  joint-plates  12  inches 
long,  2  inches  wide,  and  \  inch  thick,  let  flush  into 
the  sleepers,  and  fitted  to  the  rails.  The  staples  or 
side-£Eistening8  are  each  to  be  fashioned  out  of  one 
piece  of  Lowmoor  iron,  ^  inch  wide  and  f  inch  thick. 
The  upper  end  is  to  be  round  and  chisel-pointed; 
the  lower  end  is  to  be  pointed  and  jagged.  A  recess 
is  to  be  gouged  out  of  the  side  of  the  sleeper  to 
recei?e  the  bodj  of  the  staple,  and  take  it  in  flush. 
The  longitudinal  sleepers  are  to  be  pressed  into  the 
rails  by  means  of  powerful  hand-screw  cramps,  and 
they  are  to  be  so  held  together  until  the  staples  are 
driven. 

The  rails  are  to  be  laid  so  that  the  joints  of  the 
longitudinsl  sleepers  shall  be  as  nearly  as  is  pnu> 
ticable  equally  distant  from  those  of  the  rails :  in 

every  case,  at  least  4  feet  from  the  joints  of  the  rails. 

The  bent  rails  are  to  be  in  all  cases  adjusted  by 
means  of  a  cramp,  and  not  by  swaging  or  by  hammer- 
blows. 
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In  the  following  estimate  of  the  cost  per  mile, 
single  line,  of  a  street  tramway  on  Mr.  Sonttar's 

system,  a  uniform  bed  of  cement-concrete,  7  inches 
thick,  for  the  whole  width,  is  included.  The  cost  of 
paving  is  not  included : — 


EsmiAXBD  Gobi  or  af  Ubbait  Tbaxwat  oh  Mb.  Bobihboh 


Work  and  materials 

Qaaatity 

Bate 

Amount 

Excavation,  and  removing 

8111*1)1  us 

w  \a-A     a          ■               •               •  • 

Concrete  in  Portland  ce- 
ment, 7  inches  deep 

Lon^i  tudinal  aleepen,eveo- 
soted  .... 

OrOBB  sleepers,  creoeoted  . 

Steel  rftile,  55  1))-  2)eryard 

FMteniqgB,  7,040  per  mile 

Joint-plates      .  , 
Bracket.'^,  8,520  per  mile, 
@  2i  lbs.  . 

Three-inch  spikes 
Lavin<;,    watching,  and 
fighting 

4  683  ao.  vda. 

4,688  aq.  yds. 

10,660  feet 
880 
86  tons 
2,816  Ibe. 

440 

8,800  Ibe. 
1,120  Ibe. 

1,760  yirds 

WW 

4*. 

£8 
£21 
(per  ton) 

6dL 

£12 
(per  ton) 

£27 
Sf. 

<     «.  A 

176  10  0 

821   6  6 

276   0  0 
176  0  0 
688   0  0 
26  8  0 

11   0  0 

47   2  10 

la  10  0 

176  0  0 

Total  coet  (paving  extra) 

£1.  7«.  ^d. 
per  jaxa. 

2,410  6  1 

<  A  maiform  and  thick  bed  of  Portland  cement- 
concrete  has  been  estimated  for;  and  this  wonld  be 
desirable  in  a  street  subjected  to  heavy  traflBo.  In 
the  snbnrbs,  and  whereirer  economy  is  tiie  first  ccm^ 
sideration,  this  item  conld  be  greatly  reduced,  and 
under  similar  circumstances  a  lighter  rail  might 
suffice.' 
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HASBOUB  TBAMWATS. 


Glasgow  IIakjbouk  Tbaxwhy. 

Tbaxwats  suitable  for  gooda-yard  traffic,  coKsisting 
of  two  east^iron  tram-plates  and  iron  paving  between 
them,  Iiave  been' down  in  the  Devonshire  Street 
Station  of  the  Great  Eastern  Bailwaj,  London,  for 
upwards  of  20  jears. 

A  cast-iron  tramwajy  bedded  in  concrete^  chiefly 
designed  for  street  or  dock  lonie-traffic,  was  patented 
in  December  1869,  by  Messrs.  Bansome,  Deas,  & 
Bapier.  A  tramway  on  this  system,  4|  miles  long,  was 


Fto.  68.   Olaigov  Harbour  Tramway :— System  of  Mflm.  Baiuome, 


laid,  in  1870,  on  the  Broomielaw  Quay,  at  Glasgow. 

It  is  adapted  for  both  flanged  juid  unflanged  vehicles. 
The  way  consists  of  hollow  rectangular  blocks  of 
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cast  iit>ii,  figs.  62  and  63, 5  feet  long,  10  inoheB  wide, 

and  8^  inches  deep;  1  inch  thick  at  the  top,  and 
\  inch  at  the  sides.    A  groove,  1^  inches  wide,  and 


gravel  and  sand,  and  1  part  of  Portland  cement,  well 
panned,  and  allowed  to  lie  three  or  four  days  to  set. 
The  bottom  was  prepared  like  that  of  an  ordinary 
first-class  street  or  dock-road,  consisting  of  dry 
rabble,  and  two  lines  of  concrete  were  prepared  for 
the  tram-blocks,  1  loot  10  inches  wide,  and  6  inches 
deep.  The  tramway  blocks  were  then  turned  oyer, 
and  were  fixed  with  cement  to  the  bases  of  concrete. 

At  first,  it  seemed  desirable  to  have  bottom  flanges 
at  the  ontsides  of  the  blocks,  bat  it  was  found  incon- 
venient for  laying  the  paving-sets.  Bottom  flanges 
were  then  applied  at  the  insides ;  they  answered  weU, 
bnt  for  the  sake  of  economy  of  material,  flanges  were 
entirely  dispensed  witii,  and  the  trsmway  blocks 
constnicted  as  shown  in  the  illnstration  have  been 
fonnd  to  be  perfectly  steady.  The  road  was  made 
thoroaghly  rigid ;  and  the  blocks,  once  laid,  remained 
there.  At  first,  cross  tie-bars  were  used,  but  it  was 
found  that  they  were  not  necessary,  for  the  blocks 


Fia.  83.  System  of 
Messrs.  Ransome, 
Deas,  &  Rajiier. 
Section  of  rail,  203 

lb8.  perjaid.  Scale, 

I 

Ti- 


ll inches  deep,  is  formed  in  the 
middle  of  the  upper  surface  of 
the  block,  for  wheel-flanges.  The 
upper  surface,  cast  on  a  chill,  is 
formed  with  grooves  at  each  side, 
to  afford  a  foothold  for  horses. 
Recesses  at  the  ends  are  cast  to  re- 
ceive fish-plates,  which  are  bolted 
in  the  ordinary  manner.  The 
blocks  were  entirely  filled  with 
concrete,  composed  of  7  parts  of 
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could  not  be  got  to  stir  even  when  it  was  required  to 
move  them.  In  a  few  instances,  where  it  was  neces- 
sary to  have  the  blocks  raised  for  laying  water-pipes 
or  gus-pipes,  it  was  found  that  they  had  stuck  to  the 
concrete  beneath,  and  had  to  be  actually  cut  away. 

The  quantities  and  costs  for  this  system  of  tram* 
way  are  as  follows,  for  a  single  way : — 

Single  Way. 

Cast-iroii  Uocks,  406  lbs.  per  linekl  yud  of  2  nik ;  or  319  !»»• 

per  mile. 

CoiK  rete,  0*30  cubic  yard  per  lineal  yud ;  or  628  cubic  yards 
per  mile. 

Par  linoal  yard  Per  mile 

u    4.  S,      u  4. 

Oott  of  cMt^inm  Uoekiyiii- 
ehidiny  fieh^plstesy  sod 

bolts  and  nuts  .15  0...    9|900   0  A 

Cost  of  concrete,     16f.  6d!. 

per  cubic  yard      .      .0   4   8...      410  13  0 
Laying     .      .      .      .0   2   6...      220   0  0 

£\  12   2    ...  £2,830  13  0 

To  this  there  is  to  be  added  the  coat  Ua  eicaTatioii  and  for 
pavement. 

The  experience  of  this  tramway  at  Glasgow  has 
been  very  satisfactory.  From  100  to  140  railway 
waggons  pass  over  the  busiest  part  of  the  tramway 
daily.  Contractors'  locomotives  also  constantly  pass, 
frequently  dragging  heavy  loads  upon  bogies  to  the 
60-ton  crane.  The  highest  speed  of  the  railway 
vehicles  is  about  5  miles  per  hour,  and  of  the  street 
lorries  6  miles  per  hour.  It  is  notable  that,  when 
horses  have  to  turn  oft'  the  tramway,  they  return 
to  it  of  their  own  accord.  IVom  the  report  of  Mr. 
DeaSy  who  ia  engineer  to  the  Clyde  Nayigation,  it 

V  8 
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appears  ihat  none  of  the  east-uon  blocks  have  been 
broken,  and  that  the  chilled  snr&oes  are  now  in 

as  good  condition  as  when  the  way  was  first  laid. 

It  was  originally  expected  that,  in  order  to  get  the 
blocks  to  lie  steady,  they  would  require  to  b(j  cast 
in  10-feet  lengths ;  but  it  was  found  not  to  be  neces- 
sary, for  the  t)-feet  blocks  never  showed  any  signs  of 
movement. 

A  variety  of  the  same  kind  of  tramways  is  shown 
on  fig.  64,  for  flanged  vehicles  only.  The  cast-iron 
block  is  only  4  inches  wide  at  the  surfEU^e,  and  it  is 
formed  with  side  flanges  at  the  bottom,  making  np 

T 


Fio.  64.  Sjitom  cf  Hamn.  Ransome,  Dms,  &  Bapier,  for  lighter 

tmiBc.  Sedla, 

the  base  to  a  width  of  9  inches.  The  edges  are 
notched  at  intervals  of  8  or  4  inches  for  the  use  of 

vehicles  crossing  the  road.  The  blocks  are  filled  with 
concrete,  and  laid  with  cement  on  two  lines  of  con- 
crete, 6  inches  deep  and  18  inches  wide.  The  quanti- 
ties and  costs  for  a  single  way  are  as  follows : — 

Oast-iron  blocks,  906  lbs.  per  lioeftl  yard  of  two  rails;  or 

242  tons  pt>r  milo. 

Concrete,  \  cubic  yard  per  lineal  yard  ;  or  352  cubic  yards  per 
Uiile. 

Cost  of  cast-iron  blocks,  including 

fiah-platee,  bolts,  and  nuts  • 
Goat  of  oonerete^     16ii.  8<t  per 

cuUeyaid  .... 
Laying  


PerUnealjrMrd 

Per  mile 

S  A  A 

A 

0  19  0 

...  1,672 

0  3  3 

...  266 

0  2  3 

...  106 

£14  6 

...  €2,166 
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In  1871,  a  leng^b  of  about  700  yards  of  tramwaj 
on  this  system  was  laid  in  the  gas-yard  of  the  Glas- 
gow Corporation.  The  manager  has  reported  that  it 
worked  yery  weD,  had  not  required  any  repair,  and 
had  not  occasioned  sny  tzonhle* 


BnvAsi  Hasbovb  Tbaxwat. 

A  single  line  of  tramway,  specially  designed  for 
the  traffic,  was  laid,  in  1869,  on  the  quays  at  Bel&st 
Harbour,  under  the  superintendence  of  Mr.  Lizars, 


Fio.  66.   Belfjast  Hftrbour  Tramway :— Luar's  bjrstem.   Scale,  \. 

the  engineer  to  the  Harbour  Commissioners.  It  was 
Opened  in  January  1870.  It  is  a  single  line,  with 
sidings.  It  consisted  of  two  longitudinal  sleepers  of 
pitch-pine,  or  of  Memel  timber,  ^  \  inches  wide  and 
7  inches  deep,  fig.  65,  upon  wliich  an  ordinary  iron 
bridge-rail,  \  inches  deep,  weighing  80  pounds  per 
yard,  was  laid,  and  fastened  by  spikes  through  the 
flanges.  A  check-rail  of  L  section,  also  4  inches 
deep,  weighing  39  pounds  per  yard,  was  laid  and 
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spiked  alongside  the  bearing  rail,  upon  the  same 
sleeper,  leaving  an  interval  or  groove  of  a  width  of 
If  inches.  The  ground  was  excavated  with  trenches 
for  the  sleepers,  which  were  bedded  upon  gravel  or 
on  ashes.  The  pavement  consisted  of  oblong  sets, 
7  inches  deep,  on  a  bed  of  sand,  grouted  with  lime, 
abutting  on  the  sleepers. 

It  is  apparent  that,  on  this  system,  wide  vacan- 
cies were  created  between  the  rails  and  the  pave-  * 
ment,  2^  inches  at  each  side;  these  vacancies  were 
filled  with  concrete  flash  with  the  pavement.  Bat 


Fia.  66.    BeL£utt  Harbour  Tramway : — ^ulinoDd's  System,  liail,  70lbtf. 

par  yaxd.  Seale,  |. 

there  was  a  want  of  stability  in  the  combination.  It 
was  extremely  liable  to  get  out  of  order;  the  check- 
rail,  no  matter  how  tightly  spiked  to  the  sleeper, 
being  easily  pressed  and  moved  inwards  against  the 
non-resistant  concrete ;  and  the  groove  was  thus 
widened  to  an  extent  which  was  dangerous  for  traffic. 

A  better  system  was  subsequently  designed  and 
employed  by  Mr.  T.  B.  Salmond,  the  present  engineer 
to  the  Commissioners,  for  extensions  and  for  replace- 
ments of  partitms  of  the  line.  A  single  iron  rail, 
fig.  66,  of  a  massive  section,  weighing  70  pounds  per 
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yard,  was  substituted  for  the  combined  bridge-rail  and 
check-raiL  It  is  6  inches  wide,  formed  with  a  groove 
1-^  inches  wide,  and  1}  inches  deep,  and  a  raised 
bearing  surface  at  one  side  of  the  groove.  The 
average  thickness  is  about  \  inch.  It  is  fastened 
by  f-inch  vertical  spikes,  ragged,  with  countersunk 
heads,  to  a  longitudinal  sleeper,  6  inches  square,  at 
intervals  of  8  feet,  except  at  the  joints,  where  it  is 
fastened  by  |-indi  bolts  and  nats.   The  nuts,  at  the 


Fio.  67.   i3elfaifii  Harbour  Tramway : — System  adopted  for  &harp 

eviTes.  Scale,  \. 

under  side,  are  screwed-up  on  a  fish-plate  of  iron  of 
the  width  of  the  sleeper,  12  inches  in  length,  and 
^  inch  thick.    The  longitudinal  sleepers  are  laid  on 
and  spiked  to  cross  sleepers  of  larch,  0  feet  in  length,' 
laid  at  distances  of  4  feet  between  centres. 

The  pavement  consists  of  sets,  6  inches  deep, 
3  ^  to  4  inches  wide,  and  from  8  to  12  inches  long, 
li^d  close  to  the  sleeper  and  rail  at  each  side. 

In  the  constniction  of  sharp  curves,  the  com- 
bination, fig.  67,  is  applied,  consisting  of  a  bridge- 
rail,  laid  on  a  longitudinal  sleeper,  6  inches  square. 
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and  a  flat  plate,  \  inch  thick,  6|  inches  deep,  spiked 
to  one  side  of  the  sleeper,  forming  a  l|-inch  groove. 
The  rail  of  the  section  here  shown  lends  itself  to  the 
formation  of  curves  more  readily  than  the  solid  wide 
rail  used  for  the  straight  portions  of  the  line.  It 
may  be  noted,  too,  that  the  lateral  slab  which  is  placed 
as  a  check-rail,  may  be  more  firmly  fixed  to  the  sleeper 
than  the  check-rail  used  in  the  earlier  design. 

The  new  rails  were  ordered  in  1873,  with  a  flat 
snrface,  and  were  partially  used  for  constructing 
100  yaj!d8  of  way,  in  1875,  of  which  50  yards  was 
laid  in  replacement  of  a  portion  of  the  old  line. 
The  remainder  was  nsed  for  traversing  steam-cranes 
along  the  quays.  In  1875,  new  rails  were  ordered, 
having  a  raised  snifiioe ;  thej  were  laid  on  the  new 
Queen's  Quay.  The  new  lines  give  great  satisfiu^- 
tion;  it  is  reported  that  they  lie  solidly,  and  the 
fastenings  keep  tight,  under  the  traffic  of  the  railway 
waggons  and  locomotives  by  which  they  are  traversed. 
The  permanency  of  the  fastenings,  it  is  clear,  is  due 
to  the  disposition  by  which  they  are  placed  entirely 
out  of  the  range  of  the  wheels. 

The  prices  paid  for  the  material  of  the  new  way 
were  as  follows  : — 

£    «.  d. 

Rails,  70  lbs.  per  yaid,  delivered  .   7  10  0  per  too 

Lon^nf iidinal  sleepers,    0  inches 
wjuan-,  cut  fmuv  log,  including 

the  labour  of  laying  .       .       .    0    ij    0  per  cubic  foot 
Ludi  en»e  eleepers,  0  feet  long  .0  3  0  each 
Sqnara  aettiag  .      .  0  8  0  per  square  yard 

Switdwa sod ooMiiige  .  13  0  0 pereet 
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8UPPLBMBKTABT — ON  FO&BIOV  TKAXWAYS. 


PAKI8. 

When  M.  Loubat  returned  to  Paris  from  America,  he 
introdnoed  his  systeniy  slightly  modified,  figs.  68  and 
69,  and^  in  1858»  laid  a  line  of  tramway  in  PbriB,  from 
the  Haee  de  la  Concorde  to  Ftuuj^  in  the  Avenne  de 


FteKflS.  Mbalfttmimj:—       Fuk6».  Swstion  of  Loftbat's  rail. 
Section  of  zaal  and  sleepor.  S8  Ibt.  per  yud.  Scab, 

Scale,  ^. 

la  Keine.  This  was  the  first  horse-tramway  laid  in 
France.  It  was  laid  to  a  gauge  of  1-64  metres,  or 
5  feet  J  inch.  The  rail  was  of  a  semi-hexagonal  section 
at  the  lower  side,  to  rest  upon  a  wood  sleeper,  which 
was  chamfered  to  receive  it,  and  upon  which  it  was 
spiked  diagonally  through  the  sides.  A  fish-plate  of 


Digitized  by  Google 


170 


FOREIGN  TRAMWAYS. 


iron,  6  inches  long  and  }  inch  thick,  was  laid  under  each 
joint.  The  rail  weighed  19  kilogrammes  per  melxeyOr 
38  pounds  per  yard.  It  was  3  inches  wide  at  the  sur- 
faces the  groove  was  inches  wide,  and  )  inch  deep; 
whilst  the  tread  was  only  1  \  indies  wide.  The  longitn- 
dinal  sleepers  were  4  inches  wide  by  6  inches  deep,  and 
were  laid  npon  transverse  sleepers,  6  inches  wide  and 
4  inches  deep,  placed  at  2  metres,  or  6  feet  7  inches 
apart,  between  centres.  The  transverse  sleepers  were 
notched  to  receive  tiie  longitudinals,  which  were  fixed 
into  them  by  wood  keys.  The  spikes  proved  to  be  in- 
sufficient lis  fasteners,  for  they  were  either  broken  or 
pulled  out,  probably  for  want  of  a  good  bearing  on  the 
sleeper,  on  which,  it  is  manifest,  the  rail  must  have 
been  displaced  by  the  eccentric  pressure  of  the  load. 

This  rail  was  laid  by  the  Compagjiie  Generale  des 
Omnihusy  on  the  lines  from  the  Place  de  la  Concorde 
to  Sevres  and  to  Boulogne. 

The  next  section  employed,  fig.  70,  was  that  of 
the  tram-rails  laid  by  a  private  company  between 
Sevres  and  Versailles.  The  rail  weighed  16  kilo- 
grammes per  metre,  or 
82  pounds  per  yard ;  it 
was  hoUowed  at  the  lower 
sur&ce,  for  the  sake  of 
economy  of  material. 

These  rails,  figs.  68, 
69,  and  70,  according  to 
M.  Goschler,*  lasted  10 
years.  At  the  end  of  this 
period  the  rolling  surface  had  worn  so  much,  that  the 

s  <Les  Cbemins  de  Fers  N^cessailWy'iiithe  QmtH  Bmim  de  Ut 
dm  Jngimeun  Okik,  1873. 


Fie.  70.   Section  of  rail,  between 
Sevres  and  Vprsaillea^  82  Ibfl. 

p«'r  yard.    Scale,  A. 
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flanges  of  the  car-wheels  lodged  on  the  bottoms  of 

the  grooves.  A  rail,  fig.  71,  of  a  heavier  section, 
weighing  46  pounds  per  yard,  calenlated  to  last 


Fm.  71>  SeoUon  of  nil,  to  raplace  sections,  figs.  69  and  70:— 46  lbs. 

per  jiucd.  8cale»  ^. 

20  years,  was  employed  to  replace  the  lighter  rails. 
A  similar  rail,  fig.  72,  has  been  laid  by  the  Omnibns 
Company  on  the  ronto  between  the  Arc  de  I'fitoile 
and  the  Trdne,  on  the  Tramway b  Nord»  It  is  4  inches 


Jfio.  72.   Section  of  mil  and  fastening,  Thimwttjf*  Nord,  46  lbs.  per 

yard.    Scale,  ^. 

wide,  and  2*16  inches  deep,  and  has  a  groove 
1^  inches  wide.  It  is  fixed  on  a  longitudinal  wood 
sleeper,  like  its  predecessor,  by  vertical  bolts,  tfarongh 
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tlio  bottom  of  the  groove,  with  countersunk  heads 
and  nuts.  The  rails  were  rolled  in  lengths  of 
6  metres,  or  nearly  20  feet,  and  they  were  fished  at 
the  joints  with  iron  plates  iovmed  to  the  lower  sur- 
faces of  the  rails. 

It  was  earlj  assamed  tliat  transverse  sleepers 
were  not  neoessaiy,  and  they  were  dispensed  with 
as  the  lines  came  under  repair.  Cross  tie-bars  of 
wrooght  iron  were  employed  instead  of  the  sleepers, 
but  even  those  were,  after  a  timey  abandoned.  When 
the  lines  were  laid  in  macadam,  without  any  paving, 
the  cost  of  maintenance  was  very  great,  dne  to  the 
practice  of  the  running  of  ordinary  yehides  on  the 
track  of  the  tramway.  A  continual  supply  of  new 
macadam  was  required  for  a  width  of  10  inches  on 
each  side  of  the  rails;  and,  of  course,  the  perpetual 
renewal  of  loose  stone  led  to  a  greatly  increased 
resistance  on,  and  wear  of,  the  tramway,  occasioned 
by  the  detritus  of  the  covering  at  the  sides.  To 
avoid  such  serious  objections,  the  Omnibus  Company' 
replaced  the  macudam  by  paved  margins  next  the 
rails  in  the  outer  portions  of  the  system,  and  by  a 
general  paving  on  the  lines  within  the  city. 

Though  it  appears  that  the  first  line  of  tramway 
laid — that  of  M.  Loubat — was  laid  to  a  gauge  of  1*54 
metres  or  5  feet  ^  inch,  the  tramways  subsequently 
constructed  were  laid  to  the  railway  gauge,  1*44 
metres,  or  4  feet  8^  inches ;  or  to  1*43  metres,  or 
4  feet  8}  inches.  Uniformity  of  gauge  was  adopted, 
with  the  view  of  establishing  communications  be- 
tween the  railway  goods-stations.  The  expectation 
was  futile. 

The  schedule  of  prices  adopted  in  1867)  for  laying 
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the  tramways  in  macadam  roads,  according  to  M. 
Gpschler,  was  as  follows : — 

TiUMWATs  IS  Paris. — Schedule  op  Prices,  1867. 

Fnnct.       £    «.  A 

Railsy  drilled  with  10  counter- 


rank  holesi        100  Idlo- 


gimnoiM  ■      >      .  . 

S6 

10 

8 

0  per  ton. 

Bolts,  or  fishes,  per  100  pieces 

23 

0  17 

5 

Oak  sleepers,  lon<ritudinal,  (5 

inches  by  8  inches,  per  st^re 

134 

0 

3 

0  per  cu.  ft. 

Broken  millstone  (macadam) 

per  cubic  metre  . 

12 

0 

7 

3  per  cu.  yd. 

Ssndy  per  culiic  metre 

8 

0 

1  10  „ 

Laboor,  p«r  hour  .  . 

0-86 

8*32  per  hr. 

One-hdne  cart,  per  boor 

1 

0 

0 

On  the  basis  of  these  prices,  the  cost  per  yard  of 
the  construction  of  a  tingle  line  of  tramway  with  the 
46-ponnd  nuls,  fig.  72,  was  as  follows 

OOSX  PER  YARD,  SlNOLB  LlUS  \  KaILS  46  LBS.  PER  YARD. 


Ilails   8  8 

Loogitttduud  sleepers      ....  2  10*8 

Shaping  the  sleepers                        .  0  8*7 

Bolts   0  7-7 

Fishes   0  51 

Washers   0  0*7 

Excavation   0  GO 

Fitting  together   0  17 

Laying  and  packiiig   0  6*2 

£had   0  1*7 

Broken  stone   0  8*7 

Watering  and  rolling       ....  0  2*2 

Watching  and  general  expeuiies       .      .  0  8*3 


Total  16  4 


Or  iei,437.  6f.  8<^.  per  mile. 
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The  rail  adopted  for  the  Tramways  Nord,  in  the 
Avenue  de  la  Grande  Armee,  is  shown  in  fior.  73. 

The  section  of  rail  which  was  next  laid  by  the 
Tramways  Nord,  in  1873,  on  the  macadam  road  be- 
tireen  the  Porte  Maillot  and  the  Pont  de  Neuillv, 


Fio.  73.   Section  of  rail  in  the  Aveaue  de  la  Grande  Armee.   Scale,  ^. 

18  shown  in  fig.  74 ;  adopted  from  English  piactioe. 
The  weight  of  the  rail  is  60  pounds  per  yard ;  it  is 
holted  down  thzongh  the  groove  to  longitudinal 
sleepers  of  oak,  4  inches  wide  and  6  inches  deep,  laid 
on  transverse  sleepers,  6  inches  wide  and  3^  inches 


Fm.  74.  Seetitn  of  sail,  ATMnie  d»  Ktully,  SO  Ibi.  per  jud.  Scale,  ^. 

deep,  placed  at  distances  of  5  feet  apart  between 
centres.  The  cost  of  this  way  per  mile  of  8ing:le 
line  is  estimated  at  £1,418,  including  the  cost  of 
rails,  cast-iron  joint-chairs,  and  brackets ;  bolts, 
sleepers,  laying  the  way,  watching,  and  sundry  ex- 
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penses.  Though  the  aectioii  of  rail  was  copied  from 
English  practice,  it  appears  that  the  Yaliiahle  fimction 
of  the  flanges,  in  saperseding  with  side^iastenings 
the  Tertical  holding-holts^  was  not  apprehended. 

The  whole  cost  of  construction  of  the  TtamwayB 
Nord  of  Paris  is  given  in  an  Agenda-Dnnod*  1877, 
from  which  the  following  summaij  is  dednoed : — 

Traxwaib  Nord.— Cost  pkr  linbal  tabb  or  Doublb  Wat 

ON  A  r  AVXD  BOA]>. 

£     *.  rf. 

Lifting  pavement  and  excavation  .  .022 
PhTing  17  7 


From  the  halanc^-sheet  of  the  Company,  it  ap- 
pears that  the  total  capital  expenditure  on  these 
tramways  amounts  to  d681,900  per  mile. 

M.  Oppermann  gives  an  analysis  of  tiie  cost  for 

working  the  line  between  Saint-Germain-des-Pr^ 
and  Montrouge,  a  part  of  the  Tramways  Hud,  in 
Paris.  The  line  is  3*12  miles  in  length.  One  car 
makes  20  trips  in  16  hours  per  day,  and  runs  (8-12  x 
20  =  )  62*40  miles  per  day.  Each  car  contains  16  pas- 
sengers inside,  18  on  the  roof,  and  10  on  the  phit- 
forms ;  in  all,  44.  Each  car  is  drawn  by  two  horses, 
reUeved  four  times,  making  10  horses  to  each  car. 

One  horse  costs  per  day  for  fodder  ,  .  4*50 
Shoeing,  stablingj  attendance,  lenewal,  &c.  .  100 

Total  for  one  hoiM  fi*0O 
Honelalwiirpercar  perdfty  ((rfiOxlO-)  .  6(H)0 
Do.     do.   per  mile  ran,  *86  fiBoe  or  8*37  peoee. 


Way 


1  16  7 


Total 


3  6  4 


Or  :£5,750  per  luile. 
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The  system  of  tramway  adopted  and  put  in  exe- 
cution bj  M.  Francq,  for  the  Versailles  Tramways,  in 


Fw.  75.  VamillM  Tnunways  :-Sectioii  of  xwl»  fte^  bj  M>  Aaneq. 

1875,  is  ilhistrated  by  figs.  75,  76,  and  77,  with  rails 
on  a  timber  substructure  of  longitudinal  sleepers  laid 


Fio.  76.  VemilleBTKftmtrajs:~Bail,&e.,1qrM.nnBeq,  8eil«,i. 

upon  transverse  sleepers.  The  rail  weighs  30J  ponnds 
per  yard  \  it  is  of  a  section  comparatively  shallow, 


Fio.  77.  Section  of  Tensflles  rail,  30^  lbs.  per  yard.  Scale,  \, 

1|  inches  deep,  and  about  3  inches  wide  at  the  sar- 
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fiMe.  It  is  roDed  witli  two  fillets,  one  on  earch  side, 
projecting  \  inch,  and  making  a  total  width  of 
3i  inches.  The  rolling  surface  is  1  inches  wide,  and 
the  groove  is  1^  inches  wide.  The  lower  surface, 
under  the  tread,  is  hollowed,  and  receives  in  the 
hollow  a  corresponding  section  of  the  longitudinal 
sleeper,  which  is  rehated  to  fit  the  rail.  The  longi- 
tudinal sleepers  are  of  fir,  creosoted ;  they  are 
3  inches  wide  and  7  inches  deep,  under  the  soles  of 
the  rails.  Thej  are  slightly  inclined  mwardfl,  at  an 
angle  of  1  in  20,  and  laid  upon  transverse  sleepers 
of  oaJky  6  inches  wide  and  %\  inches  deep,  placed  at 
distances  of  h  feet  apart  between  centres. 

The  fiwtenings  are  peculiar.  The  lateral  fillets 
of  the  rails  are  notched  at  intervals  of  one  metre» 
or  40  inches  between  centres,  to  reoelTe  the  two  ends 
of  an  iron  strap,  which  is  doubled  nnder  the  sleeper, 
the  ends  being  correspondingly  notched  to  enter  the 
notches  in  the  fillets,  and  take  a  bearing  upon  the 
fiUets.  The  ends  of  the  strap  are  fixed  in  posi- 
tion by  a  bolt  and  nut  through  the  sleeper ;  and  the 
strap  is  tightened  by  a  hardwood  wedge,  driven  in 
under  the  sleeper. 

The  longitudinal  sleepers  are  secured  to  the  trans- 
verse sleepers  by  means  of  a  piece  of  iron  plate, 
bolted  to  one  side  of  each  cross  sleeper,  and  cut  out 
and  flanged  to  receive  the  longitudinal  sleeper,  which 
18  spiked  to  it. 

The  objections  to  this — the  system  most  recently 
brought  out  in  France — aie,  that  the  fastening  of  the 
longitudinal  to  the  transverse  sleeper  is  in  sheer,  and 
is  not  durable ;  that  the  rail  is  too  shallow,  and  is 
weak ;  that  the  means  of  lateral  resistance  of  the 
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nil  to  displacement  upon  the  deeper  axe  insufficient ; 
that  the  lateral  fillets  xepresent  a  waste  of  metal» 
and  prevent  the  close-fitting  of  the  pavement  to  the 
rail ;  that  there  are  other  projections  which  are  in- 
convenient in  the  same  way ;  and  that  the  situation 
of  the  wedge  for  tightening  the  fiutening  of  the  rail—' 
below  the  sleeper — ^is  inconvenient  for  purposes  of 
inspection  and  repair.  This  system,  like  many 
oliiers  which  have  fiuled  in  practice,  would  answer 
perfectly  well,  if  it  were  a  mere  fixture ;  but  not  ibr 
resisting  the  stress  of  the  rolling  movement  of  heavy 
bodies. 


The  tramways  of  Lille  are  constructed  like  level 
crossings  for  railways,  with  two  rails  and  two 


Fn.7S.  lilltTniniways  :— Section       Fm.  79.    Lille  Tramways: — 


counter-railsy  enclosing  at  each  rail  a  dear  space 
sufficient  for  the  clearance  of  the  wheel-flanges  (see 


LILLB. 


of  raili  and  chair,  for  pasuenger 
traffic  Bail,  28*7  lbs.  per  jard. 
Scale,  i. 
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fig.  78).  The  rail  and  the  counter-rail  are  bolted 
to  a  cast-iron  chair.  The  chairs  are  bedded  on  and 
screwed  down  to  cross  sleepers,  at  5  feet  intervals, 
without  any  intermediary  longitudinal  sleepers.  The 
•  interspace  is  1*20  inches  wide  for  the  trara-car,  as  in 
fig.  78  ;  but,  by  fixing  the  counter-rail,  so  that  its 
flat  side  is  presented  to  the  rail,  as  in  fig.  79,  the 
interspace  is  increased  to  1*80  inches  in  width,  for  the 
traffic  of  railway  waggons. 

llM.]Mr  jHd 

Woight  of  the  nil,  8*0011101108  dMp  .  38*7 
Do.  counteivnil,  do.  33*5 

Total  weight,  per  yard,  for  each  rail  61-2 

The  same  system — of  rail  and  counter-rail — has 
recently  been  adopted  in  the  constmction  of  the 
Geneva  Tramways. 


In  Brussels,  the  tramways  are  worked  by  four 
distinct  companies,  each  company  having  adopted 
special  forms  of  rail.  The  oldest  line  is  that  between 
Schaerbeek  and  the  Bois  de  la  Cambre,  4|  miles  in 
length,  which  was  completed  and  opened  in  1869. 
All  the  other  lines  have  been  constructed  since  1871. 
In  the  end  of  1874,  the  lengths  of  lines  of  tramway 
open  in  Brussels  were  as  follows 

Miles 

Belgian  Street  Bailway  8i 

Oompngnie  Br^Bilienne  6| 

Compagnie  des  Voiee  Fen^  BeJgee  (Boie  de 

la  Cambre)  4f 
Oompaguie  iieo^uet  3^ 

Open  in  Brussels      .      .      .  33^ 
Gsng*  of  waja,  4  iiMt  8^  inehee. 

ii2 
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In  other  towns  in  Belginm,  there  were  open  as 
follows: — 

Mile*  Peek  Inches' 

Anven  .  .  .  .6-16  gauge  4  5^ 
Lifege  ....  478  „  4  8^ 
Gand     ....     4'e6       „       4  8^ 

making  a  total  length  of  abont  88^  miles  of  tramway 
open  in  Belgium  in  1874. 

The  way  was  made  in  donhle  Une  in  the  first 
three  tramways  of  Bmsseb;  the  fourth  was  made 
with  a  single  way.  The  tramways  in  the  other  thxee 
towns  were  also  single  lioe,  except  for  a  small  section 
of  the  tramways  in  Gki^nd. 


Fio.  80.    Belgian  Street  Rail- 
■way: — Seetion  of  mil  laid  ia 

suburbs  ut*  Krui'selB,  28  IbB. 
p«r  jard.   Scale,  {. 


Fio.  81.  Bel^an  Street  Kail- 
way  :— 8«etionoif  sail  kid  ia 
Brussels,  24|  Iba.  par  jaid. 
Scale,  |.  • 


The  sections  of  rails  employed  in  the  tramways 
of  Belgium  are  shown  in  figs.  80  to  90. 

The  interspace  between  two  lines  of  way  is,  in 

Brussels,  1  metre,  or  40  inches ;  except  in  narrow 
streets,  where  it  is  only  0*8  metre,  or  32  inches.  At 
An  vers  it  is  1  metre;  and  at  Gand,  1'05  metre,  or 
42  inches.  At  Li^ge  it  is  from  1^  to  1 J  metres,  or 
from  5  feet  to  5  feet  9  inches,  in  view  of  the  clearance 
required  for  the  passage  of  railway  waggons. 

The  minimum  radius  of  curvature  permitted  in  any 
tramway  is  44  metres,  or  144  feet.  At  Brussels^the 
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radins  ia  usually  from  100  to  130  feet;  occasionally, 
for  want  of  space,  it  is  as  low  as  65  feet,  and  but 


Km.  82.    Voies  Fences  Beiges : —  ,     Fio.  83.  Voies  Ferries  Beiges : — 
Section  of  ruil,  &c.,  52  lbs.  per  Section  of   rail  for  straight 

yard.    Scale,  lines,  62  lbs.  per  yard.  Scale,  jf. 

rarely  as  low  as  46  feet.  At  Anvers,  the  minimum  ra- 
dius is  25  metres,  or  82  feet ;  and,  atGand,  15  metres, 


Fio.  84.  Voies  Ferris  Beiges  : —  Fio.  S.l.  Voies  Ferries  Bolges : — 
Section  of  inner  rail  for  curves,  Section  of  outer  rail  for  curves, 
86^  lbs.  per  yard.  Scale,  f.  31  Iba.  per  yard.  Scale,  |. 


or  50  feet.  At  Liege,  the  lower  limit  is  25  metres,  or 
82  feet,  except  for  the  routes  traversed  by  railway 


Fio.  86.  Compagnie  Brisilienno : —  Fio.  87.    Anvers: — Section 

Section  of  rail,  34  lbs.  per  yard.  of  rail,  30  lbs.  per  yard. 

Scale.  |.  Scale.  |. 

stock,  where  the  radius  is  not  less  than  75  metres  or 
246  feet. 
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The  way  consists  generally  of  grooved  noa  raOs 

laid  on  a  timber  substructure  of  longitudinal  sleepers 
upon  transverse  sleepers.  The  only  exceptions  to  the 
grooved  rail  are  the  rails  used  in  the  suburbs  of 


Fio.  88.  Tramways  d'lxellea  Ettorb«icq,  Fhj.  89.  Tram  ways : — 
Bnupels  (Compagaie  Beequet)  : —  Section  ofVdl,  and  tyi6  of 
Seetioo  of  nil,  87  lbs.  per  jud.  railway  waggon,  56  lbs. 
Setle^  f.  per  jud.  Scale,  \, 


BniBsels  and  in  Ghind,  whioh  are  formed  on  the  prin- 
ciple of  tlie '  crescent  rail,'  fig.  17,  page  19,  for  which 
the  grooye  is  made  by  a  gap  between  the  rail  and 
the  payement.  SectionB  of  the  rails  are  shown  in 
figs.  80  to  90,  in  which  it  is  seen  that,  for  the  most 


Fko.  90.   Gsnd  Trunvaj: — .^tion  of  rail,       24  Iba.  per  jud. 

Scale,  f. 

party  the  rails  are  fastened  to  the  longitudinal 
sleepers  by  yertioal  screws  through  the  grooves. 
The  only  exception  is  the  side-fastening,  by  staples, 
employed  on  the  '  Yoies  Fei-r^  Beiges/  fig.  82.  At 
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Liege,  the  rail  is  formed  with  a  groove  2  inches  in 
width.  The  weights  of  the  rails  illustrated  above 
are  as  follows  : — 

Bklgiux. — Wbiqhx  or  Kaixs  fxr  tasd. 


Brussels : —  ibs, 

Belgian  Street,  suburbs       ....  23 

Do.,  in  town   24^ 

Voies  Femtfes  BolgiB   62 

Br^olienne   34 

Oompagnie  Beoqnet     .      .      •    .  •  .37 

Anvers   30 

Libye   66 

liaud   24 


According  to  a  recent  pabHcatioD,^  the  length  of 
tramwaj  in  Brussels,  open  in  the  end  of  1876, 
amounted  to  45,312  metres,  or  28  miles.  The 
nnmber  of  cars  in  service  on  all  the  lines  was  84^ 
and  of  horses  750.  The  working  expenditnie  may 
be  calculated  approximately  on  the  following  basis : — 

Total  OINl  per  dny         Milt^  tntvolled 
j;    d.  s,    d.  per  dmy 

Ihone  .  .  .  8  7  to  4  0  12  to  19 
Imr  .leOtoSOO     60  to  80 

These  costs  include  the  whole  of  the  working  expenses. 

The  first  cost  of  Brussels  tramways  has  been 
approximately  as  follows: — 

Oosr  or  Tmunrm  in  Bmmsiu. 

Way,  nngle  Une  .  .   £1^0  to  £1,600  per  mile. 

Horses,    including  bfin*— 

and  accessories        .       .  £48  per  horae. 

Gars  in  service,  iucludii^ 

MOMBones  £900  per  ear. 

StaUflSy  diedsy  offioei^  work- 

ahope,  ftCi  per  hone, 

eftctiTe^  oron  dnty .  £80  to  £100  per  hone. 

'  Recue  UntctrseUe,  September  IS,  1876,  page  375. 
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CONSTANTINOPLE. 

The  tramways  of  Constaatinopley  of  which  M. 
Lebout  was  ilie  engineery  were  oonstraoted  with 


Fw.  f  1.   TnmmKj%  at  Constantinople :— Section  of  nil»  itt^  4$  Ibe. 

per  yaid.   Scale,  ^. 


¥ui.  92.   TnuawajB  of  Coostantinople : — Section  of  haU-widtli  of 
stxeet  and  way.  Scale,  ^. 


Fio.  03.    Tramwaja  of  CoDStantinople.   Section  of  a  oiutow  street, 
with  a  ringilA  line  of  mj,  Scalo^  ^ 

the  pattern  of  grooved  rail,  weighing  46  pounds  per 
yard,  employed  in  the  Paris  tramways,  fastened  as 
in  fig.  91.   The  rails  were  bolted  to  longitadinal 
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sleepers,  laid  on  a  bed  of  sand  8  inches  deep,  spread 
on  the  bottom  of  the  excavation.  The  longitudinal 
sleepers  were  connected  by  round  iron  tie-rods, 
which  were  passed  through  them,  and  were  screwed 
up  by  nuts  at  both  sides  of  the  sleepers,  as  shown 
in  the  section  of  the  way,  fig-.  92.  Streets  of  from 
13  feet  to  23  feet  wide  were  paved  all  the  way  across, 
as  shown  in  fig.  93. 

The  rails  and  their  accessories  were,  according  to 
H.  Goschler,  before  quoted,  supplied  from  the  Terre- 
noire  Works,  France,  deUyered  at  Constantmople,  at 
the  following  prices : — 

OonxAKTziropu  Tbamwats. 

Per  ton 

£    «.  d. 

Balls  and  fishea,.     .  HO.  It.  edL  and    10  17  6 

Bolta  33  16  6 

Wadiers  31  10  n 

Tie-ioda,  2  metras  or  1312  feet  apart  .    33  8  0 

The  weight  of  material  per  yard  of  single  way 
was  as  follows ; — 

Fer  lineal  jrwrd 


of  WttV 

Bails,  per  yard,  46  lbs  

92 

Fishes  for  rails,  5  Iba.  each .... 

1-5 

Do.,    for  longitudinal  sleepers,  1^  lb.  each 

1-38 

1*84 

Tie-TOdiy  18^  Iba.  eaeh      .      .      .  . 

8 

Total  per  yard  of  single  way  •    100  Ibe. 
Total,  if  tie-rods  are  2  metres, 

or  G-5C  feet  apart      .       .    103  Ibe. 

Cost  of  laying  way,  including  carriage,  ^ 

and  maintenance  for  one  year  .      .26  per  yard. 
Ooftof  laying  paveineiit  .8  7^,, 

M.  Goschler  gives  an  analysis  of  the  accounts  of 
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the  Constantinople  Tramways  for  1872,  which  con- 
tains many  instructive  details.* 


KOSOOV* 


The  first  section  of  the  tramways  of  Moscow  was 
opened  in  August  1874 ;  and  in  1875,  a  total  length 
of  60  miles  of  tramway  was  opened  for  traffic.  The 


Fio.  94.   Moscow  Tnmways :— Section  of  line.   Scale,  ^. 

way  was  designed  by  the  engineer  of  the  tramways. 
Colonel  Sytenko,  who  commenced  by  rejecting  the 
grooved  rally  and  adopted  the  Vignoles  type  of  rail, 
laid  on  transTerse  sleepers,  shown  in  figs.  94,  95.  The 

rails  are  of  steel,  from  the  works 
at  Orensot^  weighing  86  pounds 
per  yard;  they  are  made  to  a 
height  of  5  inches,  to  admit  of 
the  joztaposition  of  panng-stones 
of  sufficient  depth  above  the 
sleepers.  The  paving-stones  next 
the  rails  at  the  inner  sides  are 
^       ^      ^       cut  to  form  a  groove  for  the 

Fio.  96.  Moscow  Tram-      _     .  ^  ^       .         .i  . 

wavs:— Section  of  rail  wheel-flanges.  Gouuter-rails,  it 
and  fish  joint,  36  ibi.  appears,  have  only  been  found 
peryud.  Scale,  i.  x  •  i.  j 

necessary  at  the  points  and  cross- 
ings.   The  rails  are  laid  to  a  gauge  of  5  feet,  upon 

>  '  Lea  ChcmiiiH  de  Fer  N^cee.<«^ree,'  CanU  £endm  de  la  SodiU 
dm  In0imeur8  CioiiSf  1873,  page  366. 
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sleepers  placed  at  intervals  of  4  feet  8  inches.  It  is 
belieTed — and  it  is  likely — that,  on  this  system  of 
vay,  the  tractive  force  required  is  a  half  less  than 
that  zequired  for  the  ordinary  grooyed  rail. 


The  first  section  of  the  Leipzi<^  Tramways,  con- 
sisting of  the  Promenade  Line  round  Leipzig,  and 
branches  to  Rendwitz  and  Connewitz,  together  about 
six  English  miles  in  length,  were  opened  on  May  18, 
1872.  The  lino  to  Lindenau  was  opened  in  Sep- 
tember of  the  same  year,  making  in  all  8}  English 


miles  of  way  open  for  traffic  in  1872,  There  are  now, 
altogether,  five  lines  open,  of  an  aggregate  length  of 
11-30  miles. 

The  rails  are  laid  to  a  gauge  of  4  feet  8^  inches, 
on  what  is  known  as  the  Vienna  system,  which  is,  in 
ikct,  similar  to  Lo^hat^s  way,  already  described,  page 
169.  The  rails  are  of  iron,  and  they  weigh  30  ponnds 
per  yard.  They  are  3  inches  wide,  and  are  formed 
with  obliquely-&ced  flanges,  as  shown  in  figs.  96, 97. 


LBIPZIO  TEAKWATB. 


¥ko.96.  Leipeig  Tramirays 
Seedonof  nii,&e.  Scale,  ^. 


Fio.  97.  Leipzig  Tramways: — Sec- 
tion of  rail,  80  Ibe.  per  yard. 

Scale,  \. 


Digitized  by  Google 


188 


FOREIGN  TRAMWAYS, 


They  are  laid  ou  longitudinal  timber  sleepers,  which 
are  remarkable  for  their  deep  and  narrow  scantlings, 
being  8  inches  deep,  and  2  j  inches  wide.  Thej  are 
chamfered  to  receive  the  rails,  which  are  fastened  to 
thera  by  4^-inch  sj)ikes,  passed  through  holes  punched 
in  the  flanges.  Tlic  longitudinal  sleepers  are  laid  on 
and  notched  into  transvei'se  sleepers, -7  inches  wide, 
5  inches  deep,  and  ^\  feet  in  length,  placed  at  inter- 
vals of  G  feet  between  centres,  and  laid  in  ballast. 
The  longitudinal  sleepers  are  secured  to  the  cross 
sleepers  by  oak  wedges.  When  the  line  passed 
through  streets  already  paved,  the  pavement  was 
renewed  for  the  whole  width.  On  macadamised 
roads,  only  a  narrow  strip  of  paving  was  laid  on 
each  side  of  the  rail. 


0A8BSL  TRAMWAY. 

The  Cassel  tramway  was  opened  on  July  9, 
1877,  to  be  worked  by  steam  locomotives,  supplied 


Fis.  98.  GumL  Tnmvay  :>-8aefcioii  of  nil  aad  iHiMl-tjM.  Soalflb  i. 

by  Messrs.  Merry  weather  &  Sons.  The  section  of  the 
rail  is  shown  in  fig.  08,  with  the  section  of  the  wheel- 
tyres  of  the  locomotives. 
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LiaBON. 

A  concession  was  secured,  in  1873,  by  Messrs. 
Edwin  CUffky  Ponchard,  h  Co.,  for  the  construction 
and  working  of  a  system  of  tramways  in  Portugal, 
51  miles  in  length — from  Lisbon  to  Ointra,  for  pas* 
senger  traffic,  and  from  Lisbon  to  Torres  Yedras,  for 
goods  and  wine  traffic  chiefly.  The  tramways  were 
made  a  sfaigle  line,  laid  on  the  common  roads ;  they 
were  to  be  worked  by  tank-locomotiyes,  with  trains 
of  passenger  cars,  and  of  goods  cars,  at  a  speed  of 
15  miles  per  hour.  The  ruling  gradient  was  1  in  20, 
and  the  qnickest  curves  were  of  a  radios  of  25  feet. 

The  way  consists  of  three  parallel  rails,  laid  on 
transverse  sleepers.  The  central  rail  is  an  iron  flat- 
footed  rail,  weighing  36  pounds  per  yard,  spiked  to 
the  sleepers.  The  outer  rails  are  wooden  trains  of 
oak,  8  or  9  inches  wide,  and  3  inches  deep,  laid  to  a 
gauge  of  4  feet  2  inches  between  centres.  The  cross 
sleepers  were  alternately  long  enough  to  take  all  the 
rails,  and  short  enough  to  take  only  the  middle  rail. 
The  engine  and  the  train  were  guided  by  the  central 
rail;  the  weight  of  the  train  rested  on  the  central  rail, 
whilst  the  greater  portion  of  that  of  the  engine  rested 
on  the  wooden  trams,  through  the  driving-wheels. 

The  engines  had  two  steam-cylinders,  11  inches  in 
diameter,  with  a  stroke  of  18  inches ;  the  driving- 
wheels  were  3  feet  9  inches  in  diameter,  by  1 4  inches 
wide  at  the  i^yres.  The  pressure  in  the  boiler  was 
140  lbs.  per  square  inch.  The  engine  was  carried  by 
two  bogies,  one  before  and  one  behind,  ananged  as 
bicycles,  mnning  on  the  central  rail.  The  distance 
between  the  centres  of  the  bogies  was  18  feet.  The 
weight  of  the  engine,  empty,  was  11  tons  1^  cwt. ; 
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and,  in  working  order,  13|  tons,  of  which  8^  tons 

was  available  as  driving  weight.  According  to  Mr. 
Curry,^  these  engines  were  capable  of  taking  a  train  of 
six  passenger  carriages,  with  132  passengers,  weigh- 
ing altogether  22^  tons,  up  an  incline  of  1  in  20. 
The  heaviest  good.s  train  taken  up  the  same  incline 
consisted  of  six  waggons,  weighing,  with  goods, 
7&\  tons. 

It  appears  that  these  tramways  have  been  aban- 
doned. 


THE  WELLINGTON  OITT  TBAMWAYS,  NEW  ZEALAND. 

In  the  design  of  these  tramways,  fig.  99,  in 
oouxse  of  constrnetion,  to  a  gange  of  8  feet  6  inches, 

it  seems  that  the  hest  xesnlts 
of  ezperienoe  in  Enrope  and 
America  hare  heen  ignored. 
The  rail  is  a  flat  bar  8|  inches 
wide,  1  \  inches  thick,  grooved 
to  a  depth  of  \  inch,  and 
leaving  only  \  inch  thickness 
of  metal  under  the  groove. 
The  rail  is  spiked  through 
the  groove  to  a  longitudinal 
sleeper  4  inches  wide  and 
6  inches  deep.  The  longitudinal  sleepers  rest  on 
transverse  sleepers,  6  inches  wide,  by  4  inches  deep, 
and  5  feet  long,  placed  at  distances  of  3  feet  5  inches 
apart  between  centres.  The  cross  sleepers  are  fas- 
tened to  the  longitudinal  sleepers  with  a  small  knee 
at  each  side,  and  one  spike  each  way. 

•  *  The  Lisbon  Steam  Tramway,'  a  paper  read  March  6, 187'^ 
at  the  Institution  of  Oivil  Engiaieew^  by  Mr.  Matthew  Ouny, 
jun.,  Stud.  lost  0.£. 


Fio.  99.  Wplliiigtf)n  City 
Tramways  : — iSecUou  of 
mil»  fre;  8oal»,  \, 
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GENEEAL    CONCLITSIONS    ON    THE    DESIGN  AND 
0ONST&UCTION  OF  T&AKWATS. 

In  summarising  and  contrasting  the  advantages  and 
the  deficiencies  of  the  systems  of  tramway  which 
are  now  in  practice,  it  is  to  be  borne  in  mind  that  it 
18  possible  and  probable  that  different  systems  may 
be  equally  good:  that  they  may  be  mechanical  eqaiya- 
lents  of  each  other.  There  are  the  broad  distinctions 
between  sabstractores  of  wood  and  those  of  iron^  be- 
tween foundations  of  wood  and  concrete  and  those  of 
concrete  alone,  between  continuous  bearings  and  in- 
termittent bearings  Ibr  the  rails.  Then  there  are  the 
oomparatiTe  costs  of  different  systems — first  cost, 
and  subsequently  the  cost  of  maintenance ;  and  this 
leads  to  the  question  of  fiindamental  importance — 
the  comparatiye  excellence  and  permanency  of  the 
rolling  surface,  and  the  comparative  facility  for  trac- 
tion. The  motive  of  tramways,  as  substitutes  for 
the  ordinary  surface  of  streets  and  roads,  is  centred 
in  this  one  point — the  reduction  of  tractive  resistance 
to  a  minimum.  There  have  been  tramways — there 
may  be  such  now — on  which  the  resistance  has  been 
practically  as  great  as  on  well-maintained  streets; 
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these,  of  course,  have  been  mistakes  in  engineering 
and  in  management,  and  it  might  have  been  better 
if  they  had  not  been  constructed  at  all,  but  for  the 
residuary  consolation  that  failures  are  instructive, 
and  that  by  a  process  of  elimination  thej  may  lead 
up  to  success. 

It  is  apparent,  then,  that  a  first-rate  rolling  sur- 
face is  of  the  essence  of  a  tramway — a  street-railwaj ; 
— and  it  is  not  well  to  study  too  closely  the  mere 
element  of  first  cost,  in  the  amount  of  which,  for  effi- 
cient systems  of  tramway,  the  variation  is  not  of  very 
considerable  importonod.  For,a8Mr.Bobiii8onSoattar 
neatly  pats  it,  'in  eyery  well-constracted  tramway^ 
there  are  three  constaot  quantities— the  concrete, 
the  paWngy  and  the  laOs — ^msJdng  move  than  three- 
fourths  of  the  total  expenditure;  the  remaining 
fourth  being  represented  by  the  longitudinal  bear- 
ing.* Nor  is  there  much  diiSBrence  in  the  cost  of 
maintenance,  which,  besides,  amounts  to  but  an 
inconsiderable  item — from  3  per  cent,  to  6  per  cent. 
— of  the  total  working  expenses  of  a  tramway.  The 
practical  value  of  a  good  rolling-surface,  on  the 
contrary,  can  scarcely  be  over-estimated ;  for  the 
running  and  car  expenses  are  influenced  to  a  very 
great  extent  by  the  condition  of  the  surface,  and 
they  constitute  nearly  two-thirds  of  the  total  working 
expenses. 

With  a  perfect  rolUng  surface,  an  even  and  dur- 
able pavement  must  be  associated,  in  order  that 
uniform  levels  may  be  preserved,  not  necessarily  for 
the  special  buf^iness  of  the  tramway,  but  for  the  other 
business  of  the  street.  A  completely  constructed 
tramway  must^  therefore,  combine  a  perfect  unyisld- 
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inff  rolling-surface  with  a  firm  and  durable  pavement. 
The  first  condition — a  perfect  rollin<^-surface — it  was 
impossible  to  fulfil  so  long  m  the  rails  were  fastened 
by  vertical  spikes  or  bolts  passed  through  the  groove 
in  tlie  raiL  But  when  the  side-fastenings  of  Mr. 
Larsen,  improved  by  Mr.  HopkiDB,  were  introduced, 
by  which  the  rail  was  lapped  upon  the  longitudinal 
sleeper^  and  was  tied  down  by  lateral  staples  at  each 
side,  entirely  out  of  the  reach  of  derangement  by 
the  strokes  of  the  traffic,  the  piobiem  was  greatly 
simplified.  The  stiflbess  of  the  nul,  Tertically  as  well 
as  laterally,  was  greatly  augmented  by  the  adoption  of 
the  side-fastenings,  lliese^  whilst  they  ave  placed  be- 
yond the  reach  of  blows  at  the  sor&ce,  are  enabled,  in 
▼irtoe  of  their  lateral  disposition,  to  resist  with  power- 
fhl  IcTerage  the  force  of  obliqne  lateral  strokes  i — 
a  function  in  respect  of  which  a  central  spike  or  bolt 
is  clearly  inferior  to  the  side-staple.  Vertical  move- 
ment under  the  traffic  is  prevented,  and  the  de- 
structive action  of  blows  from  the  surface  is  checked 
in  the  initiatory  stage.  The  staple-fastening  wjus  so 
simple,  and,  after  it.s  introduction,  so  obvious,  that 
one  may  wonder  at  the  primitive  combinatiou  of  a 
flat-grooved  bar,  of  ininimum  strength,  with  a  ver- 
tical spike,  which  has  laiited  even  tUl  to-day.  Let  us 
wonder,  and  pass  on.  But  before  passing  on,  let  us 
note  that  Mr.  Livesey  and  Mr.  Cockburn-Muir  had 
from  an  early  period  perfectly  well  appreciated  the 
mechanical  necessity  for  applying  the  fastenings  of 
the  rail  apart  from  the  rolling  surface,  and  had 
accordingly  applied  wedge-&stenings  at  the  side  of 
the  rail.  Their  systems,  as  systems  of  iron  way, 
have  long  been  in  advaiice  of  their  time  in  the  home 
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countries ;  and  thoagh  these  systems  have  not  yet 
entered  into  the  domain  of  English  practice,  they  have 
long  since  been  established  in  general  practice  abroad. 

Given,  therefore,  the  principle  of  the  lapped-rail, 
flange-rail,  or  box-mil,  and  the  lateral  fastening;  the 
hard  scheming  is  done,  for  the  principle  of  the  subja- 
cent fastening  is  applicable  to  every  variety  of  rail. 

There  remain  for  consideration  the  substructure 
and  the  foundation.  The  function  of  the  substructure 
is  to  support  the  rails,  and  also  to  keep  them  in 
gauge,  whilst  the  foundation  is  laid  to  provide  a 
iirm  and  uniform  base  for  the  rails  and  the  paving 
conjointly,  maintaining  both  of  them  to  one  level. 
In  some  systems  of  tramway,  the  substructure  is  to 
some  extent  identified  with,  and  forms  part  of,  the 
foundation.  The  foundation,  in  nearly  all  systems, 
consists  wholly  or  mainly  of  concrete-— an  sjrtificial 
stone  or  compound,  of  considerable  cohesive  force, 
ndmirably  adapted,  when  properly  made,  for  sup- 
porting'dead  weights  on  the  ground,  and  distri- 
buting superincumbent  pressure.  With  a  broad 
base  of  concrete,  the  maintenance  of  the  rails  and 
the  pavement  at  a  uniform  lerel  may  be  effectually 
performed.  A  wide  solid  base  is  indispensable  for 
the  purpose,  and  if  not  already  provided  by  nature 
or  by  previous  use,  it  must  be  supplied  by  art. 

The  substructure  should  afford  a  continuous  sup- 
port to  the  rail,  for  the  construction  of  a  continuous 
bearing  is  simpler  and  better  than  the  construction 
required  for  intermittent  bearings ;  and,  before  all, 
the  continuity  of  support  contributes  to  the  perfection 
and  permanence  of  the  rolling  surfixce,  not  alone  by 
insuiing  longitudinal  and  lateral  stiffness  \  but  also 
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by  preventing  the  twisting  or  torsion  of  the  rail 
which  would  be  oaoaod  by  the  eccentric  pressure 
of  the  wheel  on  a  suspended  rail.  Take  the 
centre-line  of  the  2*lneh  roUing-surfiMse  of  a  rail 
4  incheii  wide,  as  the  line  of  insistent  yertical  pres- 
sure ;  it  lies  only  one  inch  from  the  oater  edge  of  the 
rail,  and  it  is  one  inch  off  the  central  line  of  support. 
Obrionsly,  therefore,  the  rail  which  is  supported  by 
intermittent  bearings,  is  exposed  to  twisting  stress 
between  the  bearings,  tending  to  cant  it  sidewise ; 
and  it  is  required  to  be  stiffened  enough  to  resist 
such  torsional  stress.  Besides,  the  same  stress  ulti- 
mately reaches  and  strains  the  fastenings. 

An  extensive  area  of  bearing-surface  between 
the  rails,  the  substructure,  and  the  foundation  is 
not  indispensable.  It  has  been  demonstrated  by 
experience  that  the  continuous  bearing  of  two  longi- 
tudinal sleepers,  4  inches  wide,  on  sound  concrete,  is 
sufficient  for  sustaining  the  heaviest  traffic  of  the 
streets,  and  maintaining  the  level  of  the  rails.  Two 
widths  of  4  inches  each,  or  8  inches  together,  provide 
two  square  feet  of  bearing  snrfiMse  per  ]ineal  yard  of 
way.  This  datnm  has  been  arriyed  at^  rather  than 
deduced,  from  practical  results,  simply  because  the 
first  English  rails  for  tramways  were  4  inches  in 
width,  and  the  longitudinal  sleepers  upon  which 
they  were  placed  were  made  of  the  same  width, 
in  order  that  the  granite  pavement  might  be  set 
close  up  to  the  rail  at  both  sides.  Very  probably 
a  less  proportion  of  bearing  surface,  fairly  placed, 
would  suffice.  In  fact,  Mr.  Deacon's  rail  and  longi- 
tudinal sleeper  are  only  3^  inches  in  width—  a  width 
which  affords  an  area  of  bearing  surface  of  not  more 
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thaxi  1|  square  foot  per  lineal  yaid  for  two  sleepers. 
Mr.  Kincaid*8  interniittent  supports  on  concrete 
present  an  area  of  2^  square  feet  of  bearing  per 
lineal  yard.  It  might  be  difficult  to  prescribe  the 
safe  limit  of  area  of  bearing  on  conerete,  for  Port- 
land-cement ooncrete,  twelve  months  old»  has  been 
proved  by  Mr.  Grant  to  be  capable,  before  being 
crashed,  of  resisting  loads  of  from  91  tons  to 
170  tons  per  square  foot^  according  to  the  strength 
of  the  composition. 

The  mere  extent  of  the  area  of  bearing-surface  on 
a  foundation  of  concrete,  therefore,  is  practically  of 
no  moment,  and  does  not  in  itself  affect,  one  way  or 
another,  the  character  of  the  way  for  durability  or 
eflBciency : — supposing,  be  it  remembered,  that  the 
concrete  is  faithfully  made  and  laid ;  and  no  other 
supposition,  it  has  been  proved  by  experience,  should 
ever  be  entertained. 

It  is  scarcely  necessary  to  add  that  longitudinal 
sleepers  of  timber,  in  good  condition,  are  quite 
capable,  without  suffering  undue  compression,  of  per- 
maneniLy  supporting  rails  of  a  width  of  3  or  4  inches, 
haying  a  continuous  bearing  on  the  sleepers. 

But  the  rails  must  also  be  maintained  strictly  to 
gauge  by  the  snbstmcture.  In  other  words,  the  rails 
must  be  prevented  from  spreading  apart,  and  so  widen- 
ing the  gauge  or  distance  between  them.  The  main- 
tenance of  gauge  is  indispensable,  for,  if  the  gauge  be 
stretched,  the  flanges  of  car- wheels,  which  are  de- 
vised so  as  to  run  near  the  inner  sides  of  the  grooves, 
when  fairly  placed,  bind  against  the  bermes,  or 
ledges,  which  form  the  inner  slopes  of  the  grooves. 
The  effect  of  such  a  spreading  is  greatly  to  augment 
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the  frictional  resistance  of  the  cars,  and,  if  continued 
far  enough,  to  grind  away  the  flanges  and  reduce 
their  thicknessy  to  increase  the  difficulty  of  passing 
the  points  and  crossiiigs,  and,  finally,  to  lead  to  the 
derailment  of  the  cars.  Fortunatelyy  the  derailment 
of  a  tram-ear»  though  it  may  prore  of  great  incon- 
▼enience,  is  a  triyial  matter  oompared  with  the 
derailment  of  a  railway  train;  bnt  the  other  evik 
of  a  spread  of  gauge  are  of  much  greater  magnitade 
on  a  tramway  than  their  analogues  on  a  railway. 
It  need  scarcely  be  added  that,  when  mechanical 
motiye-power  comes  to  replace  the  barbarity  of 
animal-power  on  tramways,  when  railway-carriages, 
waggons,  or  locomotives,  are  passed  oyer  them,  it 
will  be  imperatiye  that  the  means  of  maintaining  the 
gauge  be  positive,  precise,  and  sufficient.  The  pave- 
ment by  which  tlie  rails  are  enclosed  affbrds,  no  doubt, 
material  assistance  in  keeping  the  rails  to  gauge; 
but  it  can  only  be  accepted  as  a  useful  auxiliary. 

The  method  of  binding  the  rails  to  gauge  by 
transverse  sleepers,  to  which  longitudinal  sleepers  are 
fixed,  by  the  medium  of  solid  chairs  or  of  brackets, 
or  by  notching  together,  is  positive.  So,  also,  is  the 
method  of  tie-bars  connecting  the  sleepers  which 
carry  the  rails.  When  longitudinal  sleepers  are 
bedded  in  concrete  for  a  portion  of  their  height,  the 
concrete  forms  a  connection  which  may  be  said  to  be 
positiye;  bat  in  practice  it  is  treated  only  as  auxiliary 
to  other  connections.  Finally,  Mr.  Kincaad's  chairs 
are  solidly  imbedded  in  blocks  of  concrete,  which  are 
constmcted  in  holes  formed  in  the  ground.  Neyer- 
theless,  in  macadamised  roads,  where  no  paying  is 
provided,  Mr.  Elncaid  applies  a  cross  tie-rod  to  each 
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pair  of  joint-diaira;  and,  in  the  way  most  recent!/ 
conBtracted  in  Sheffield,  a  solid  bed  of  concrete  has 
been  laid  for  the  whole  width,  in  sabstitation  for  tiie 
isolated  blocks. 

Of  the  Tarieties  of  tie-bars  applied  to  longitudinal 
sleepers,  the  only  one  4hat  is  efficient  as  a  gange- 
compellingf  bond,  is  the  bar  which  is  passed  through 
the  sleepers,  upon  which  a  nut  at  each  end  brings  up 
the  sleeper  against  a  shouMer  cm  the  bar.  For  iron 
sleepers,  notched  tie-bars  passed  through  tlie  sleepers 
or  blocks,  and  fixed  into  them  by  keys,  are  also  posi- 
tive. The  cross  tie-bar  is  a  simple  means  of  connec- 
tion, and  it  may  be  convenient  and  suflBcient  for  light  - 
tramways,  or  such  as  are  paved  with  shallow  paving- 
stones,  say  4-incli  cubes ;  for,  in  this  case,  they  may 
be  placed  at  a  level  sufficiently  low  to  clear  the 
paving.  But,  for  heavier  tramways^  having  the  or- 
dinary paving,  5,  6,  or  7  inches  deep,  cross-ties  are 
inconvenient,  for  they  stand  in  the  way  of  the  paving, 
and  must  be  bedded  between  c6urses.  It  must  be 
admitted,  too,  that  the  slight  bars  ordinarily  in  use 
as  cross-ties  are  not  snffidentiy  substantial. 

In  fine,  substantial  structnzal  connections  should 
be  provided  for  maintaining  the  level,  as  well  as  the 
gauge ;  and  that  those  connections  may  be  made  of 
substantial  proportions,  they  should  be  placed  entuely 
clear  of  the  pavement— at  a  lower  level,  of  course — 
where  there  is  plenty  of  space  available.  To  Mfil 
these  conditions,  parfdculaily  for  railway  traffic,  there 
is  nothing  better  than  the  transverse  sleeper,  upon 
which  longitudinal  sleepers  or  chairs,  whether  of  iron 
or  of  wood,  may  be  solidly  bedded  and  firmly  fixed. 
The  transverse  sleepers  are,  of  course,  imbedded  iu 


Digitized  by  Google 


AND  CONSTRUCTION  OF  TRAMWAYS.  199 


or  surrounded  by  concrete,  together  with  which  they 
constitute  the  foundatiou.  The  transYerse  connectioa 
between  the  two  rails  is  thus  made  stnictarally 
complete;  and  such  is  the  proper  condition  for  main- 
taining the  tme  lines  of  a  tramway. 

Transrerse  sleepers  of  wood  give  great  satisfiio- 
tion.  Transverse  sleepers  of  wrought  1x00,  like  Yan- 
teren's,  used  on  continental  railways,  might  do  well ; 
but  the  wood  sleeper  is  the  better,  for  it  possesses 
bulk  and  Burikce,to  make  and  keep  a  place  for  itself, 
and  to  adhere  by  friction  to  the  surrounding  concrete* 
If  anything  more  be  desired  for  anchoring  cross 
sleepers,  recourse  may  be  had  to  Mr,  Souttar's 
simple  expedient  of  bevelling  the  sides,  and  dove- 
tailing the  sleepers  bodily  into  the  concrete-base. 

That  a  tramway  should  be  cushioned  on  an  elastic 
substance — wood — is  a  doctrine  which  has  been  main- 
tained with  some  degree  of  persistency.  That  it  should 
be  grounded  on  a  hard  substructure — cast  iron — is  a 
doctrine  maintained  by  others.  The  question  of  the 
elasticity  of  the  material  of  the  substructure — elas- 
ticity in  the  conventional  sense — ^is  a  matter  of  perfect 
indifference.  Wood  is  elastic,  so  also  is  cast  iron. 
The  action  is  rolling,  not  percussive;  the  speed  is 
low,  not  high ;  and  the  cars,  as  well  as  the  engines 
of  the  future,  are,  and  will  be,  placed  on  springs 
having  a  wide  elastic  range.  The  pavement  of 
streets — granite  stones  bedded  on  sand — ^is  not^  con* 
ventionally,  elastic ;  yet  it  answers  well  for  the  pas- 
sage of  loads  at  the  customary  speed  of  street  traffic. 
Elastic  pavements  have  been  tried,  and  they  have 
failed.  The  truth  is,  that  the  depth  of  structure 
necessary  for  the  formation  of  a  tramway  is  suffi- 
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cient  for  inducing  as  much  elasticity — perceptible  to 
the  toncb,  if  not  to  the  eye — as  is  needfol  to  prevent 

a  sound  structure  from  shaking  itself  loose. 

The  form  of  section  of  the  groove  in  the  rail  is  a  sub- 
ject deserving  of  careful  cousidoration.  lu  mauy  of  the 
examples  of  rails,  which  have  been  illustrated,  it  may 
be  noted  that  the  sides  of  the  groove  are  formed  mth 
a  greater  degree  of  splay  inwards  than  outwards, /raw 
the  wheel  than  under  the  wheel.  The  motive  for  the 
greater  splay  has  been,  in  some  instances,  to  econo- 
mise metal ;  but  the  economy  thus  effected  is  simply 
insignificant.  By  other  designers  a  low  slope  has 
been  adopted,  with  a  view  to  the  more  facile  extrusion 
of  dried  mud  and  other  detritus  from  the  groove  by 
the  wedging  action  of  the  passing  wheel-flanges,  than 
is  likely  to  take  place  when  the  sides  are  yertical. 
There  is  incnrred  a  much  greater  resistance  to  trac- 
tion,  when  the  groove  is  occupied  by  hard  deposit  than 
when  it  is  dear;  since  it  is  inevitable  that  the  mud 
and  small  stones  or  gravel,  which  find  a  lodgment  in 
the  groove,  must  be  either  expelled  or  trodden  upon 
by  the  flanges  of  the  wheels.  It  is  a  matter  of  com- 
mon observation  thiit  the  resistance  is  much  increased 
under  such  conditions,  and  the  principal  reason  is 
not  far  to  seek :  the  wheels  run  at  the  same  time 
upun  two  circumferences  of  ditferent  radii — tiiose  of 
the  tread  and  the  flange.  Now,  a  square  groove,  by 
its  form,  resists  the  expulsion  of  detritus  ;  and  it  may 
happen,  and  does  frequently  happen,  that  the  resist- 
ance of  the  car  over  choked-up  grooves  is  so  much 
increased,  that  it  amounts  to  as  much  as  that  of 
wheels  running  on  common  roads.  In  the  sections 
of  the  American  grooved-rails,  and  particularly- 
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Mr.  Light's  section,  it  is  obvious  that  the  advantage 
of  a  widely  sloping  berme  was  appreciated  by  the 
designers  of  those  sections.  The  motive  of  the 
extremely  contracted  grooves  which  have  been 
practised — some  of  them  not  exceeding  an  inch  in 
width — and  which,  when  clear,  provided  little  more 
than  clearance  for  wheel-flanges,  was  the  fear  of  the 
entanglement  of  the  nanow-t  jred  wheels  of  cabs  and 
carriages  in  the  grooves.  But  it  is  known  that  the 
derangement  of  common-road  vehicles,  is  almost 
whoUj  caused  bj  the  girding  of  their  wheels  against 
the  onter  sides  of  the  rails,  when  the  sor&ce  of  the 
pavement  is  permitted  to  sink  below  the  proper  level 
— a  cause  of  disorder  with  which  the  groove  is  not 
concerned. 

It  is  further  to  be  noted  that,  by  the  occasional 
grounding  of  the  wheel-flanges  over  the  bottom  of 
the  groove,  by  the  intervention  of  mud,  dust,  or 
stones,  the  nietiil  at  that,  tlie  weakest  point,  is 
Iieavil}^  stressed.  The  flanges  may  also  ground  di- 
rectly on  the  bottom,  where  tlie  table  of  the  rail 
is  reduced  by  wear,  when  a  similar  effect  may  be 
produced.  It  is  found,  in  &ct,  that  old  thin  rails 
snlrject  to  such  action  are  spread  laterally,  and  aie 
occasionally  split  through  the  bottom  of  the  groove. 

The  form  of  the  groove,  then,  is  a  point  of  import- 
ance, and  the  best  form  is  that  in  which  the  side  next 
the  rolling  surface  is  vertical,  and  the  whole  of  the 
slope  is  given  to  the  inner  side.  Such  is  the  form  of 
the  groove  in  the  rails  of  Mr.  Barker  and  Mr.  Fowler. 

The  pavement  should  he  specifically  adapted  to 
the  tramway,  and  the  chief  concern  is  to  construct  it 
80  that  it  shall  maintain  its  level,  and  remain  flush 
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with  the  rails.  A  great  deal  of  precaution  has  heea 
taken  for  preventing  the  rails  ficom  sinking ;  whilst  the 
payement  has  heen  laid  without  snAeient  permanent 

support.  A  payement  that  may  suffice  for  a  street 
untrammelled  by  rails,  laid  on  loose  sand,  gravel,  or 
ashes,  is  not  sufficient  to  match  a  pair  of  rigidly 
supported  rails,  carried  on  an  unyielding  foundation. 
There  is  nothing  better  to  be  done,  for  matching  the 
ordinary  wall-sided  rail,  than  to  bring  up  a  solid  un- 
yielding foundation  for  the  paving,  identical  with  the 
foundation  for  the  rails.  This  necessary  object  is 
fulfilled  by  the  concreting  of  the  subspace  up  to  the 
level  of  the  under  side  of  the  paving  stones,  as  a 
bottom  upon  which  they  may,  with  the  aid  of  a  thin 
layer  of  sand,  stand  to  the  level.  Finally,  as  a 
secnrity  that  neither  will  water  penetrate,  nor  sand 
nor  mud  work  up,  the  paving  sets  should  be  grouted 
with  an  adhesive,  elastic,  bituminous  mixture. 

Adopting  the  conclusions  just  announced  as  stan- 
dards for  estimating  the  merits  of  diiferent  systems  of 
tramway,  it  would  appear  that,  upon  the  whole,  the 
recentlj-made  tramways  of  Glasgow  affiord  the  best 
example  of  tramway  having  a  timber  substructure, 
hitherto  actually  constructed  in  its  entirety.  Mr. 
Souttar's  tramway  contains  the  elements  of  a  good 
system ;  and  the  provisions  for  oiSering  a  flat  ver- 
tical bearing  to  the  paving-stones  next  the  rails 
afford  &cilities  for  readily  laying  the  pavements.  In 
order  to  effect  this  object,  Mr.  Souttar  has  found 
it  necessary  to  retire  the  side-flanges  inwards :  con- 
tracting the  width  of  bearing  of  the  rail  on  the 
longitudinal  sleeper,  as  well  as  cutting  away  the 
sleeper  by  deep  rebates.    To  some  minds,  such 
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an  annsnal  degree  of  rebate,  }  inch  wide  at  each 
side,  may  be  oljectioiiable.  But,  though  it  slightly 
reduces  the  scantling,  a  sufficient  bearing  is  left  for 
the  rail;  and  a  better  bearing,  too,  for  the  flanges, 
withdrawn  from  the  flanks  of  the  sleeper,  where 
ordinary  flange-rails  may  have  a  tendency  to  spriu^^ 
outwards.  The  design  of  the  rail,  also,  possesses 
the  advantage  of  placing^  the  flanges  more  nearly 
under  the  rolling-snrfa<;c  at  one  side,  and  under  the 
groove  at  the  other  side. 

Of  the  tramways  having  substructures  of  iron 
the  system  of  Mr.  Kincaid,  wliose  speciality  is  eco- 
nomy of  construction,  is  the  only  one  of  which  any 
lengthened  experience  has,  as  yet,  been  acquired  in 
England.  The  isolated  chairs  or  stools  at  3-feet  cen- 
tres, are  each  levelled  and  set  independently.  In  this 
respect,  Mr.  Livesey's  system  of  coupled  stools — 
two  stools  on  one  longitudinal  sleeper — is  better;  for 
they  make  a  structural  connection,  and  they  can  be 
levelled  and  set  with  fiicility.  They  are,  in  addition, 
efficiently  tied  transversely  by  two  tie-bars,  and  thus 
the  stools  and  sleepers  are  framed  together  both 
longitodinsUy  and  transversely,  and  assist  each  other 
in  a  manner  which  is  not  available  on  Mr.  Kincaid's 
system  of  independent  chairs.  These  are  not  con- 
nected together  either  longitudinally  or  transversely, 
and  depend  for  their  stability  each  on  the  fixity  of 
its  own  portion  of  concrete. 

The  length  of  the  bearings  of  the  rail  on  the 
intermediate  sleepers  of  Mr.  Kincaid  and  of  Mr. 
Livesey  is  3^  inches  ;  whilst  that  of  Mr.  Cockburn- 
Muir  is  11 J  inches.  It  is  clear  enough  that  the  long 
bearing  on  the  sleeper  of  the  last-named  engineer 
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must  beneficially  stiffen  the  rail,  and  he  has  taken 
advantage  of  such  aid  in  adopting  a  longer  distance 
apart  for  the  sleepers,  and  emplojing  a  rail  of  less 
weight  than  those  of  the  other  engineers.  The  three 
fljetems  maj  be  thus  brought  into  comparison • 


yard 

OmiUmoC 

alwpen 

Span 
between 
bearings 

m 

Mr.  Kincaid         .  iron 

Mr.  Livesey           ,  steel 
Mr.  Oockbum-Muir .  iron 

Ibi. 

48 

40 
80 

Feet  Inchet 

8  0 

3  0 
3  6 

Inches 

82^ 
30^ 

Now,  it  is  to  be  premised  that  a  rail  majr  be  amply 
strong  enough,  as  a  bearer,  to  support  any  load  that 
may  be  placed  upon  it,  whilst  it  may  not  be  stiff 
enough :  for,  resistance  to  deflection  must  be  the 
ruling  consideration  in  the  design  of  a  tramway.  De- 
flection should  be  reduced  to  a  minimum,  since  vertical 
stiffness  is  the  first  condition  for  insuring  a  minimum 
tractional  resistance.  It  is  obvious,  too,  that  vertical 
stiffness  is  an  essential  condition  for  insuring  the 
stability  of  the  fastenings. 

The  stiffness  of  a  rail  is  inversely  as  the  cube  of 
the  length,  and,  upon  this  ratio,  it  appears  that  Mr. 
Cuckburn-Muir's  rail,  if  it  had  had  the  same  section 
as  Mr.  Kincaid'Sy  would  ha^e  been  stiffer  in  the  ratio 
of  •32*5>  to  30*5%  or  of  3483  to  2837,  or  nearly  6  to  4. 
That  a  difference  of  2  inches  in  the  span  should  cause 
a  difference  of  a  fourth  or  a  fifth  in  ^e  stiffiiess  of  a 
rail  supported  on  bearings  at  intervals,  is  a  note- 
worthy fact,  and  it  points  to  the  advantage  of  com- 
pactness of  span  for  intermittent  bearings,  and  of  the 
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reduction  of  the  overhang  of  the  rail  by  giving  to  it 
a  considerable  len<;tli  of  bearing  surface  upon  the 
chair  or  stool.  These  advantages  niav  be  exem- 
plified by  supposing  Mr.  Cockburn-Muir's  block- 
sleepers  to  be  placed  apart  at  3  feet  centres,  the  same 
distance  apart  as  Mr.  Kincaid's  sleepers.  The  spans 
between  the  bearings  and  the  relative  sti&esses  of 
the  rails — inversdj  as  the  cubes  of  the  spans  —sup- 
posing that  the  same  rail  is  laid  in  both  cases,  would 
be  as  follows : — 

Centres  of         Spstns  Itetwecn  Relative 
sloepen  bearings 

Short  bearing  .       ,     3  feet        32^  inches,  as  1 
Long  beanag  .      .     d  feet       24^  inches,  aa  2| 

Showing  tiiofe  if  Mr.  Einoaid's  rail  were  laid  on 
chairs  with  ll^inch  bearing  surfiuses,  it  would  pos- 
sess 2^  times  the  stiffiiess,  or,  otherwise,  the  deflection 
of  the  rail  between  the  longer  bearings  would  be  less 
than  half  of  what  it  amounts  to  between  the  actual 
bearings,  of  shorter  length.  The  form  of  Mr.  Kin- 
caid's  chairs,  it  maj  be  observed,  lends  itself  readily 
to  the  extension  of  the  bearing  surface ;  and  even  if 
the  d^-inch  bearing  surface  of  the  intermediate 
chairs  were  only  doubled  in  length,  making  a  7-inch 
bearing,  uniform  with  the  bearing  at  the  joint-chairs, 
the  stiffness  would  be  increased  by  nearly  one-half. 

It  is  logically  deducible  by  the  same  line  of  argu- 
ment, that  with  a  continuous  bearing  under  the  rail, 
the  stiffness  is  indefinitely  greater  than  it  can  be 
upon  bearings  at  intervals.  But  it  is  not  to  be 
concluded  that  the  rail  on  a  continuous  bearing 
may  be  made  indefinitely  light  in  scantling.  The 
rail  must  be  of  sufficient  scantling  to  enable  it  to 
resist  the  wire-drawing  and  out-rolling  action  of 
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moving  loads  concentrated  under  the  wheels ;  to 
check  the  eflbcte  of  occasional  weakness  of  sub- 
stractore ;  to  bridge  over  the  inevitable  junctions  of 
the  subsimctnre,  even  when  it  is  nominally  con- 
tinuous; and  to  resist,  also,  accidental  derange- 
ments of  the  way,  and  the  numberless  varieties  of 
irregular  stress  to  which  tram-rails  are  subject. 

It  is  to  be  noted,  further,  that  Mr.  Kincaid  packs 
up  the  rails  with  concrete  from  sleeper  to  sleeper : — 
a  construction  which,  indeed,  is  designed  chiefly  to  fill 
up  the  vacancy,  though  it  co-operates  to  some  extent 
in  supporting  the  rail.  He  has,  however,  gradually 
increased  the  scantling,  and  has  substituted  steel 
for  iron  as  the  material  of  his  rail,  so  that,  in  his 
recent  practice — as  at  Leicester — he  employs  rails 
of  steel,  weighing  47  pounds  per  yard;  whilst  at 
Sheffield,  the  rails  recently  laid  on  his  system,  weigh 
from  48  pounds  to  50  pounds  per  yard.  The  need 
for  specially  guarding  against  the  torsional  stress 
of  a  load  applied  eccentrically  to  the  rail,  as  a  sus- 
pended rail,  is  provided  against  by  the  form  of 
Hr.  Eincaid's  rail;  of  which  the  rolling  surface 
stands  highest  at  the  inner  edge,  sloping  towards 
the  outnde.  The  wheel,  bj  tlds  simple  forma- 
tion, takes  its  bearing  on  the  inner  edge  of  the 
tread,  in  the  centre  line  of  the  rail  and  its  sup- 
ports ;  and  so  the  tilting  stress  is  obviated.  It  is, 
nevertheless,  apparent  that  the  restriction  of  a  wheel 
to  the  narrow  line  of  bearing  surface  thus  provided, 
is  objectionable,  in  so  fkr  as  the  wear  of  the  wheel  is 
localised  at  the  neighbourhood  of  the  flange,  and  it 
is  matter  of  doubt  whether  the  adhesion  of  the  wheels 
of  tramway  locomotives  would  not  be  less  on  a  narrow 
line  than  on  a  wider  surface  of  contact.    But,  as  a 
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compensation,  the  frictional  resistauce  to  traction  is 
probably  also  less. 

Still,  it  is  better  that  a  uniform  continuity  of 
bearing  shonld  be  provided  for  in  the  same  ma- 
terial ; — in  iron,  if  it  must  be  iron ;  in  wood,  if  it 
must  be  wood.  As  a  system  of  iron  continuous 
bearing  for  the  rail,  Mr.  Barker's  system  is  the  onlj 
one  which  has  yet  been  brought  into  practice.  His 
cast-iron  sleeper  is  well  designed  for  combining 
lateral  strength  with  vertical  strength ;  and  the  in- 
dented surfaces  of  jimotion  of  the  rail  and  the  sleeper 
co-operate  with  the  central  web  of  the  rail  in  main- 
taining the  rail  solidly  in  its  place  npon  the  sleeper. 
The  indented  seating,  indeed,  constitates  the  chief 
connection  between  the  rail  and  the  sleeper.  There 
is  but  a  slight  stractorai  transrerse  connection  be- 
tween the  skepers^  to  maintain  the  gauge,  seeing 
that  the  sleepers  themseWes  only  rest  upon  shallow 
strips  of  bedding  mortar  let  into  the  bottom  of  the 
excavation.  Tme,  they  are  filled  with  the  same  ma- 
terial, which  may  unite  with  the  material  of  the 
bedding  over  which  it  is  placed,  and  thus  impart 
some  degree  of  resisting  force  ar^jiinst  lateral  action; 
but  such  resistance  as  may  be  derived  from  this  source 
must  be  relativel}'  but  slight.  In  this  respect,  the 
Barker  sleeper — 3  inches  wide  in  the  body — stands 
in  mai  ked  contrast  with  the  cast-iron  rails  of  Messrs. 
Ransom e,  Deas,  and  Rapier,  at  Glasgow,  which  have 
a  width  of  10  inches,  and  are  solidly  packed  with 
Portland  cement-concrete,  by  means  of  which  they 
adhere  firmly  to  the  foundation  of  concrete  prepared 
for  them.  Mr.  Lynde,  nevertheless,  maintains  that 
the  Barker  sleeper,  with  its  broad  continuous  base, 
12  inches  wide,  and  extensive  area  of  bearing  soifiuse. 
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which  amounts  to  6  square  feet  per  lineal  yard  of 
way,  requires  no  other  means  of  vertical  support  on 
the  hard  bottoms  of  the  Manchester  streets;  and 
that,  certainly,  no  special  means  are  required  of  keep- 
ing it  to  gauge,  besides  the  stone-paving  by  which  it 
is  enclosed;  although  he  provides  cross  tie-bars  to 
keep  the  way  to  gauge  when  laid  in  macadam  streets 
and  roads.  The  Barker  system  has  been  (October 
1877)  at  work  for  some  months,  and  has  so  &r 
given  satisfiEMStion.  For  the  passage  of  railway  traffic 
additional  means  of  keeping  the  line  to  gauge  would, 
no  doubt,  be  required,  to  prevent  its  spreading 
and  widening  in  gauge :  a  &te  which  has  already 
overtaken  the  Yale  of  Clyde  Tramways,  under  the 
traffic  of  railway  waggons.  True,  the  sleepers  of  the 
Yale  of  Clyde  are  of  timber — flexible  laterally ;  and 
those  of  Mr,  Barker's  way  are  of  cast-iron — inflexible. 
But  these  are  only  inflexible  within  the  limits  of 
their  len<j;th,  and  they  are  laid  designedly-  tis  pieces 
independent  of  each  other,  in  8-feet  lengths. 

With  respect  to  provision  for  siip]H)rting  the 
pavement  for  the  iron  ways,  Mr.  Cockburn-Muir's  is 
the  only  system  in  which  the  need  for  special  provi- 
sion is  confessed  and  supplied — by  a  thorough  bed  of 
concrete.  Mr.  Kincaid,  in  whose  system  the  use  of 
concrete  is  designedly  confined  to  the  means  for  sup- 
porting the  rail,  simply  lays  a  3-inch  bed  of  gravel 
in  the  bottom  of  the  excavation;  and  in  Mr.  Fowler's 
application  of  Mr.  Kincaid's  system,  2  inches  of 
sand  are  laid.  Mr.  Barker,  it  is  true,  provides  lateral 
flanges  or  shelves  at  the  lower  part  of  the  sleepers 
for  the  support  of  the  paving-stones  next  the  rails ; 
and  this  is  very  efficient  support,  applied  where  it  is 
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most  needed.  But  he  leaves  the  other  portions  of 
the  pavement  to  rest  upon  the  usual  bottom. 

In  Mr.  Deacon's  unique  and  simple  system  of 
tramway,  as  laid  in  the  Inner  Circle^  at  Liverpool, 
the  rail  and  the  longitudinal  sleeper  are  tied  do^vn 
bj  a  central  bolt  to  the  solid  stratum  of  cement- 
concrete  which  forms  the  foundation,  and  is  consti- 
tuted a  structural  connection  between  the  sleepers. 
The  flat  walls  of  the  rail  and  the  sleeper  admit  of 
close-pavinof  with  facility,  whilst  the  bedding  of  the 
pavement  direct  on  the  foundation  of  concrete  is  un- 
questionably conducive  to  permanency  of  level  and 
stability.  But  the  central  ]»osition  of  the  holding- 
down  bolt  is  not  so  favourable  for  opposing  the 
greatest  degree  of  lateral  resistance  to  the  strokes  of 
the  trafSc,  as  the  positions  of  ordinary  outside  fas- 
tenings. Besides,  the  bolt  only  holds  the  rail  down; 
and  should  the  slightest  degree  of  vertical  depression 
of  the  rai}  take  place,  the  fastening  would  become 
loose,  and  vertical  play  would  be  set  up,  until,  of 
course,  the  bolts  were  again  screwed  up  taut.  By 
the  clearance  provided  round  the  bolt  in  the  concrete 
formation,  though  it  &cilitates  the  process  of  adjust- 
ment and  fastening,  there  is  a  loss  of  lateral  holding 
power  in  the  bolt,  for  offering  resistance  to  lateral 
action  ;  in  consequence  of  which — particularly  when 
the  fasteninc^s  become  loose — the  rail  and  sleeper 
together  may  be  rendere*]  liable  to  be  edged  sidewise 
out  of  gauge.  The  central  position  of  the  groove  in 
the  rail,  between  two  rolling  surfaces,  offers  the  ad- 
vantage of  a  fiiir  distribution  of  pressure;  but  the 
groove  may  be  less  likely  to  be  cleared  of  detritus 
vrithout  its  being  lodged  on  the  rolling  surfaces. 

p 


Digitized  by  Google 


210 


GENERAL  CONCLUSIONS. 


The  merits  of  Mr.  Deacon^s  system  will  be  settled 
bj  the  experience  to  be  gained  fi!om  the  performance 
of  the  Bjstem  as  laid  at  LiverpooL 

Mr.  Beloe's  method  of  constructing  a  central- 
groove  rail,  in  two  parts — like  twin-rails — ^by  a  mode 
of  constraetion  similar  to  that  of  the  lille  tramway, 
combines  the  admntage  of  a  divided  bearing,  sach  as 
it  is,  with  external  fieuriienings ;  and  it  utilises  the 
whole  of  the  material  for  carrying  the  load. 

In  Mr.  Sclienk's  system,  one  rail  only  is  employed 
as  a  bearing  rail,  the  other  acting  as  a  guard,  as  in 
the  Lille  system.  There  are  some  good  points  in  this 
system ;  but  in  their  exposed  position  the  fasten- 
ings appear  likely  to  be  loosened  and  damaged  by 
the  traffic. 


PAET  III. 


GENERAL  COST  OF  TRAMWAYS  AND  THEIR 
WORKING  EXI'ENDITURE. 


The  printed  reports  of  tramwa}-  companies  contain 
materials  for  the  elaboration  of  data  for  first  costs, 
and  for  working  expenditure.  In  analysing  these 
reports,  and  in  endeavouring  to  reduce  to  uniformity 
the  particalars  of  expenditure,  there  is  encountered 
the  same  difficulty  that  in  past  jean  affiacted  the 
accounts  of  railway  companies — a  diversity  of  cUunu- 
ficatiouy  and  in  some  instances  a  confusion  which 
one  may  vainly  attempt  to  disentangle.  The  reports 
of  the  North  Metropolitan  Tramways  Company  pre- 
sent, upon  the  whole,  the  best  model  for  the  half- 
yearly  statements  of  accounts :  the  jiresent  form  of 
accounts  having  been  initiated  in  18 7.3-74,  at  the 
instance  of  the  slnireholders.  At  a  general  meeting 
held  on  December  22,  1873,  it  was  proposed  to 
treat  *  The  Eegulation  of  Railways  Act,  1868,'  as 
governing  the  company ;  to  require  the  adoption  by 
the  directors  of  the  system  of  half-yearly  accounts — 
in  many  respects,  no  doubt,  inapplicable — prescribed 
by  that  Act ;  and  to  invoke  the  appointment  of  an 
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auditor  and  inspectors  by  the  Board  of  Trade.  The 
directors  had,  however,  been  advised  that  the  Act  had 
no  application  to  tramway  companies ;  and  it  was 
finally  resolved  that  the  half-yearly  acconnts  should  be 
assimilated,  as  nearly  as  the  difference  of  conditions 
would  permit,  to  the  forms  given  in  the  Act  referred 
to.  The  new  model  was  adopted,  for  the  first  time, 
for  the  half-yearly  accounts  to  December  31,  1873. 
It  is  of  great  practical  moment  that  uniformity  of 
accounts  should  be  adopted  by  the  tramway  com- 
panies ;  for  the  companies  have  much  to  do  before 
they  can  settle  down  to  a  steady  dividend,  and  one 
of  the  most  efficacious  means  of  detecting  waste  or 
inefficiency,  and  of  abolishin;^  abuses,  consists  in 
uniformity  of  accounts.  One  of  tlie  most  absurd 
features  in  tramwav  accounts  is  the  fanciful  charjio 
for  depreciation  of  plant.  This  weakness  was  cured 
in  railway  accounts  many  years  aj^o,  and  the  sooner 
that  charges  for  depreciation  are  banished  from 
tramway  accounts,  the  better  and  simpler  they  will 
be. 

The  acconnts  . of  many  of  the  tramways  of  the 
United  Kingdom  have  been  carefully  analysed  and 
classified,  with  the  help,  in  some  instances,  of  expla- 
nations afforded  by  the  companies.  The  analyses 
are  here  subjoined.  Particulars  of  horses,  cars, 
numbers  of  passengers,  and  miles  run,  have  been 
added,  where  they  could  be  given.  All  charges 
which  have  been  separately  entered  in  the  original 
accounts  as  renewals,  are  here  carried  into  and 
merged  in  one  sum  for  repair  or  maintenance. 
Charges  for  'depreciation'  have  been  carefully  es- 
chewed in  the  preparation  of  the  analyses. 


CHAPTEK  I. 


NO&TH  HETBOPOLITAN  T&AXWATS,  1871-76. 

Thb  North  Metropolitan  Tramways  Companj  pos- 
sesses the  longest  tramway  owned  by  one  company, 
and  }ias  incurred  the  largest  capital  expenditure. 
The  following  tables  comprise: — 

Capital  expenditure. 

Number  and  disposition  of  cars. 

Betnm  of  working  stock. 

Receipts. 

Passengers  carried. 
Working  expenditore. 

Averap^ed  working  expenditure  for  three  years — 
1874-75-76. 

Miles-run,  aud  cost  for  repair  of  cars. 

Average  length  and  cost  for  mainteinmce  of  way. 

The  horse-power  is  hired  from  the  London 
General  Omnibus  Company.  The  sum  of  6J^7.  per 
mile-run  by  cars  is  paid  for  horse-hire,  whicli  includes 
the  cost  for  maintenance,  wear  and  tear,  and  renewal 
of  horses,  wages  of  keepers,  rent  of  stables,  and 
harness.  In  short,  as  Mr.  Hopkins  briefly  pats  it, 
the  horses  are  brought  to  the  can  harnessed,  and 
worked  for  6i<2.  per  mile-mn.   Each  car  on  duty. 
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generally  performs  70  miles-run  per  day,  and  requires 
an  active  stud  of  eleven  horses,  of  which  five  pains 
are  on  duty  with  the  car  daily,  leaving  one  spare 
horse.  By  the  terms  of  the  contract,  each  pair  of 
horses  is  not  to  work  less  than  14  miles,  nor  more 
than  16  miles,  per  day.  For  five  pairs  of  horses,  the 
mileage  traversed  amonnts  to  £rom  70  to  75  miles 
per  day,  which  giyes  an  average  of  ahout  6^  miles 
per  horse  per  day.  Horses  are  pnt  to  the  work  at 
five  years  of  age,  and  the  *  life '  of  a  horse  on  tram- 
work,  according  to  Mr.  A.  G.  Church,  secretary 
and  manager  of  the  Omnibus  Company,  is  fonr 
years. 

North  Mbxropoutaf  Tbamwatb. 


CapUal  Bxpendiiure,  1871-76. 


iMpSDdttaiV 

st  DeoeiiilMsr 

SI 

Year 

Miles  open  at 
Deoember  80 

Land,  baild- 
Ingifflztimi, 

Working 
stock  (cars, 

Total 

Total 
pwr  mite 
opsn 

1871 

1872 

1873 
1874 

1875 

1876 

20J 
27i 

m 

30^ 

575,340 
646,119 

m^o 

662,435 

A 

32,197 
32,197 
34,576- 

{=l,134l 
Ipermilel 

< 

210,772 
422,421 
607,537 
678,316 
686^946 

687,011 

£ 

22,187 
2(),()06 
22,091 
22,993 
23,534 

22,626 

*  N«iTR  TO  Tablk.— Tlie  sum  uf  £2.370,  paid  for  additional  lltodcifMcaiMged  to 
reTODoe ;  bat  it  if  here  inclmled  as  capital  oxpenditur«. 
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NOBTH  MSTBOPOUIAlf  TbaMWATB. 


KunAer  and  Litpomtim     Can,  187S-76. 


Half.yaw 

Average 
number  on 
duty 

Nnnriwr  In 
goodondar 

Nambar 
UMtorniMir 

^    .  1 

Total 
number  of 
mm 

Dec.   1672  . 
June  1878  . 

Dec.  „ 
June  1874  . 

June  1875  . 

Dec.  „ 
June  1876  . 
Dec.  „ 

Cars 
"79 

108 
114 
125 
180 

140 
136 
137 

percent. 

607 

69-2 
73-1 

80-  1 
80*8 

84-3 

81-  9 

82-  6 

Cars 
111 

148 

138 
136 
139 
161 

147 
152 
x48 

percrnt. 

91-7 
91-2 
88*6 

87-  2 
89-1 
98-2 

88-  6 
91-6 

89-  2 

Cars 

10 
IS 

18 
20 
17 
11 

19 
14 
18 

per  wnt. 

8-3 
8*8 

11-  5 

12-  8 
11-9 

6*8 
11-4 

8-4 
10-8 

Cars 

121 
166 

166 
166 

162 

166 
166 
166 

Tcv 
1871 

1872 
1873 
1874 
1875 
1876 

94 
120 
186 
187 

140-5 
137-6 
149 
160 

veragi 

it. 

16-6 
18-6 
16 
16 

156 
156 
164 
166 

Average*  for  th 
180  1   80  jl45'5| 

e  Three  Years,  1^74-76. 
90  1  16-5|    10  1  162 

Retiim  irf  ItoUmff  Stock,  q»  at  Dasember  31,  187^ 


Large  stfeet  em,  ftdly  equipped    .      «      .  124 

Small  street  can,  fiilly  equipped    ...  42 

Omnibuses   2 

Horses   9 

Carta   8 

AN'ater-cart 

Track  trollies   2 


188 
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NoBXH  Mbxbopoluav  Tsakwatb. 
nectipU,  1871-76. 


Tew 

1 

Miles  run  by 
can  j 

fnnu 
tnfflo 

Sundry 

TCOdllll 

Total 
iMdpta 

PtT  «vnt. 
of  capital 

1871 
1M72 
1873 
1874 
1876 
1876 

6e0,874* 

1,484,874 
2,457,25.*3 
3,104,801 
3,660,684 
3,660,000 

£ 

07.m4 
lo.j,220 
205,808 
234,2tKJ 
232,608 

£ 

8,507 

1,474 
2,715 
4,077 
5,495 
6,693 

£ 

47,406 

j)8,7x.'< 
157,9.% 
210,486 
230,761 
238^1 

por  cent. 
22-5 

200 
31  0 
.%-0 
34*8 

1871 
1872 
1873 

1874 
1875 
1670 


.S«o09ito— eontiiiiied. 


Average 
IcDgth  of 
wajr  open 


Hues 

24 

29} 

m 


R<r.  ipt.«  [K  r  lUs  I'ipts  per 
uvt-raife       mile  per 
milo  open  week 


£ 

8,620 
7,227 
0,511 
7,130 

7,im 

7,810 


£ 

105-8 
1390 
126-2 
137-2 
153-7 
150-3 


Receipt* 
per  car 


1,310 
1,428 
1,401 


llecoipta 
per  ciir  on 
duty 


1.651 

1,715 
1,7.'{0 
1,740 


Receipts 
per  Miile- 
run 


Peace 

17-22 
16-97 
16-42 

1 5-90 

10i;{ 

1603 


Pauengen  carried^  1871-76. 


Receiptu  from  pa«- 
sengem 

Total 

FWCW 

Per  car 
OB  daty 

For  cnr 
on  duty 
per  day 
Of  366 

I'cr 
uiUe 
run 

Total 

Per  pas- 
senger 

Pass. 

FlMi. 

Pass. 

£ 

Pence 

1871 
187.> 
1873 
1874 
1875 
1876 

4,;)7 1.^46 
I  J,ll<l.!^7-J 
17,977,706 
23,883,769 

26^854,464 

nr.,300 

,  153,100 
169,800 
161,700 

irn  .lon 
lyy.ooo 
206,600 
196,000 

6-24 
545 
563 
587 

7-52 
7-48 
7-32 
6*71 
7-80 
7-62 

43,899 
97.314 

15.\220 
20.'),808 
234.266 
282,698 

212 
210 
2-07 
2-07 
2-03 
2-08 

Digitized  by  Google 


NORTH  METROPOLITAN  TRAMWAYS,  217 


NoRTn  Metropolitan  Tramways. 
Wmhmg  Expenditure,  1871-76. 


1  im 

1879 

1878 

1874 

1878 

1878 

I'lilKCT  KXTKNUn  1  IlK. 

£ 

£ 

£ 

£ 

£ 

Hors<»  hire 

Wfi^ri'-M:  ilrivorn  and 
pole-jitiifu-n*  . 
Rcjjair  of  car-; 
MHinUinanieot  ua.  . 
Tnifll'" 

f  Uvneral  charged  . 
(Banto  . 

18,440 

2.600 
811 

l,9d8 
(lantH,lKi.) 

40,21S 

.<,7tiy 

2,616 

11,904 

2!7!>» 

(in  rntfs.  Ate.) 

71, 282 
10,'Jll 
l.s.'t; 

24.210 
3. (■,(•.') 

1  .:>*i\ 

8[t,181 

14,021 

7.5M 
4,2.!7 
2."),  J  70 
4.;i«i2 
1,903 

100,170 

14,735 
7.376 
4,730 

2!».973 
4,315 
1,600 

100,338 

16,119 
7.467 

6,738 
32,285 
4.515 
1,678 

Direct  . 

03,376 

94,487 

146,765 

163,919  1 168,087 

rftNriVOKXT  * 
EXI'KXDITUKK. 

£ 

ft 

« 

4 

£ 

Bates  and  toxas 

y/f^nf^ff  and  aandaa 

3A3 

181 

888 

4,148 

4,868 

duklaa  . 
Oompenaation  . 
Legal  and  FteUaman- 

taiy 

SS8 
US 

887 
888 

868 

478 
988 

1,788 

810 
1«SU8 

4,888 

898 

8,077 

684 
747 

3,868 

9M 

S,179 

4,315 

10,925 

13,779 

9,808 

Total  SnwnmmK. 

Do.  per  milt'  run 
Do.  per  cent,  of  re- 
oatpta  •     •  • 

29,9M 
d. 

m  % 

86AM 
lO-S* 
88^  % 

98.702 
d. 
8-81 

8f>8  % 

Ifl'.fiiM) 

d. 
11'88 

74-8  % 

d, 
ll'OO 

71-8  % 

177.R4.J 

d. 
1118 

74*8  % 

Aperaged  Working  Rvimulittire  far  Three  Yearn,  1874-76^ 
Mils  ran  tv  oaia:— 10,880,848,  for  Uitaa  7«an;  8,480,188  mika  per  yaac 


Aiuuunt  for 
8  jaan 

Amount 
per  jaar 

Proportional 

I«irT  fif 

cxpvitiiiture 

'Expendltnia 
per  mite 
ran 

Direct  Kxfbhditubb. 

ft 

£ 

Per  cent. 

Pence 

IIor:>e  hire 

Wages  of  drivers  and 

shifters . 
Tle^mir  <tf  can  . 
Miuutenanoe  of  way  . 
Traffic 

f  General  chaiges  . 
1  Rente  . 

389,686 

48,876 

22,428 
16,726 
87,736 
13,191 
6,081 

96,662 

14,625 
7,476 
6,242 

20,246 
4,397 
1,693 

66-67 

8-68 
4-30 
3-07 
1716 
2-68 
0^99 

6-76 

102 

•52 
•37 
205 
31 
•13 

477,721 

160,240 

03-45 

1114 

218 
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North  IfBisopouTAir  Tbaxw atb. 


Aom^fed  Working  Expmditwe  fw  1874-76— contmued. 


Amount  for 
Syean 

Amount 
peryeur 

rmj)ortional 
jKirt  <if 
total 
flspsndltim 

Expenditure 
per  mite 
ran 

vyONri^OtJiT  i!iXPElf- 

£ 

P«r  oont. 

Peooe 

BITUBB. 

RfttM  and  taxes 

14,043 

4,081 

2*92 

*86 

Licenses  and  ezciae 

duties  . 

2,254 

751 

•44 

•05 

Oompensation  . 
Legal  and  Plftrliamen- 

4,308 

1,430 

•84 

•10 

tary 

12,008 

4,003 

2-36 

•28 

33,612 

11,171 

6-66 

•78 

TOIAL  EZFHRBITUBB . 

1  511,233 

170,411 

1  100-00 

1  11-92 

Total  BaoBipn 

1  688,637 

229,646 

1  - 

I'ence 

Do.      per  mile  run  16*00 

Erpenditure  in  parts  of  xeoeipts,  74*34  per  cent. 

Net  receipts  per  year       do.     36*76     „         .  4*14 

Do.        in   parts  of  capital 

expenditure     .       .       .    8  04  „ 
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North  ^^ETROPOL^rA^■  Tiiamways. 


MUe»-Run  and  Cost  for  liepair  of  Cars,  )  87 1-76. 


lOtaamiibjflBn 

Ooatfor  rcpolrti 

Tear 

Areragre 
nmnber 
€f  can 

Total 

Pwcar 

Pnr  car  on 
duty 

Total 

Par 

Per 
mile 

run 

car 

Total 

Par  day 

of  36S 

Total 

Per  day 

of  865 

Oua 

imaa 

MOflB 

lOka 

Maea 

Mlka 

£ 

£ 

Pence 

1871 
1872 
1S73 
1874 
187.'. 
187ti 

_ 
i.->o 

I5H 
IM 
166 

660.874 
1,484,874 

2,457,263 
a, 164 ,861 
3,.Vi6,6H4 
3,569,000 

l.'.,700 
20.3lH> 
21,700 
21,500 

43  0 
56-6 

5tC9 

26,140 
26,370 
26,3.00 
26,050 

71-  6 

72-  ;i 
72-.1 
71-4 

811 
2,616 

7,5M 
7,376 
7,467 

:!2-6 
48-6 
45 
45 

•29 
•41 

•Si; 

•"i75 

•r,» 

■■'tO 

Anroffti/v  lie  Ukrw  Ttan,  1874-76. 

MS 

1 

1 

7^76 

46 

'Si 

NoBXE  MsiBosouxAir  Traicwatb. 


AverofB  Lengith  and  Cott  for  Mmntenanee  of  Wojf,  1871-76. 


Ooatfornalnta 

nanoaof^ 

Taar 

length  open 

Total 

Par  mile 
of  way 

Per  square 
j  anl  of 
way  • 

rVr  Diile 
nin  by 
cum 

1871 
1872 
1873 
1874 

isr.- 

1870  j 

lOlaa 

13f 

24 

29^ 

30 

30* 

£ 

1,826 
4,237 
4,750 
6,738 

£ 

75 
144 

158 

m 

Fsnea 

1-81 
3*45 

3-80 
5-30 

Faaoa 

•18 
•32 

•32 
•45 

Averages  for  t/te  Three 
30       1     6,242  1 

Years,  1874-76. 
175     j  4-20 

•37 

a  A]]oiwliiglO,MO  aqnan  jaidi  per  Hneal  ttOe. 
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LONDON  TAAHITATS,  1871  78. 

Thb  acconzitB  of  the  London  Tramways  are  Here  sum- 
marised  similarly  to  the  abstracts  above  presented  for 
the  North  Metropolitan.  In  the  table  of  capital  ex- 
penditure, a  detail  is  given  of  the  expenditure  at 
December  81,  1876,  in  which  the  item  of  cost  for 
the  construction  of  the  tramway  amounts  to  £15,010 
per  mile  of  double  line.  Mr.  Iluutiugdon  gives  the 
following  analysis  of  this  cost : — 

Double  line  of  tmnwAjB    ....  8,000 

Paving,  6  yards  wide*       ....  '^.OOO 

Engineerings   1,000 

Extra  works.  Sec.       .....  2,000 

I/egal  and  Parliamentary  chaiges      .       .  1,000 

iei6,ooo 

The  horsing  was  done  by  the  Tramway  Company 
themselves,  except  the  horse-power  for  the  Brixton 
and  Clapham  lines,  and  for  other  services,  which  was 
supplied  by  the  London  General  Omnibus  Company, 
until  the  middle  of  1873,  when  the  Tramway  Company 
proceeded  to  horse  the  whole  of  the  traffic  them- 

*  There  is  probably  a  mistake  in  the  amount  of  width  hem 
given,  for  the  standard  total  width  is  only  17  feet^  or  6}  yards. 
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selves,  feeling  confident  at  the  time  that  they  could 
keep  their  own  hoi-ses  at  a  cost  not  exceeding  the 
amount  paid  for  horse-power  to  the  Omnibus  Com- 
pany. To  enable  one  to  judge  how  far  their  antici- 
pations were  lealised,  the  costs  per  mile-run  for  each 
year,  from  1872  to  1876,  are  here  given : — 

HoitSINO. 
A 

1872.  Mostly  ou  hire  5*92  per  mile  mo. 

1873.  On  hire,  and  supplied  hy  the 

Tramway  Company,  in  nearly 
equal  proportionH .  .  6'02 

1874.  Hornng  done  entirely  by  the 

Tramway  Company  .   6*54  „ 

1876.  Ditto  ditto  .  .  6*84  „ 
1876.         IKtto        ditto    .      .   6-48  „ 

It  appears  that  the  cost  was  increased  after  the 
change  was  completed.  The  increase  has  been,  to 
some  extent,  accounted  for  by  the  rise  in  prices  of 
provender  dnring  the  later  years.  The  total  cost  for 
forage  daring  the  half-year  ending  December  31, 
1876,  amounted  to  £16,417.  3».  During  this  period, 
the  average  number  of  horses  maintained  was  l,0;n, 
and  the  average  cost  for  forage  was  12.'?.  ?>d.  per 
horse  per  week.  Tlie  following  are  details  of  the 
expenditure  for  forage : — 

JfaroyWy  Half-ytar  to  Dereynher  31, 1876. 

Maize.  .  6,81  If  quarters  @  1  7  4'|  9,329  19  11 
Ckta  .  867i      „      @  1  4  lOi        444  6  II 


33^      „      @  2  12   0  87  2  0 

Bnm  .           240  cwt.        @  0  5  0  (>(5  o  0 

Ha  V  and  clover  6,31)  loads        («i  0   7  10  4,0S4  13  1 

Straw.       .      856    „           @  2    7    6  2,033  3  3 

Sawdust     .    6,801  saeL-i        @  0    1    0  iUU  i  0 

Sundries Green-stufis,  &e.       .      .      .  81  17  10 

Total  cost  £16,417  3  0 

or  12t.  9d.  per  horse  per  week. 


« 


222     GENERAL  COST  AND  EXPENDITURE, 

Loinwir  Tbaxwatb. 


Capital  Expenditure f  1871-76. 


Tmt 

December  tl 

9 

Capital  espondttii 

Total 

tMaiDeoembarn 

Per  mile 

Mil— 

1871 

\H 

203,004 

10,010 

1872 

17i 

294,022 

17,040 

1873 

18 

330,057 

18,670 

1874 

18 

896,900 

23,060 

1875 

20j 

421,700 

20,830 

1876 

20i 

419,1126 

20,700 

Details  of  Capital  Expenditure  at  December  31,  1876. 
Miles  openedf  20^. 


£ 

Per  cent, 
of  total. 

TnmwtLya  opened 

803,865, 

or 

16,010  per 

mile 

=  72-6 

Proper!}  and  buildings . 

81,006^ 

or 

1,666 

-  7-6 

Bollingstock 

81,788, 

or 

1,667 

» 

-  7-6 

TTorses. 

44,008, 

or 

2,177 

II 

=>  10-6 

Machineiy  and  plant  . 

3,200, 

or 

161 

11 

-  -8 

Ilarnesia  and  equipments 

3,856, 

or 

100 

»i 

-  -9 

Office  furnituie  . 

817, 

or 

40 

M 

-  -2 

Total  expenditnie  iS419,126,or^,700 

II 

"lOO 

number  of  Cars,  1872-76. 


ending 

Number  in  good  order 

Number  under  repair 

Total 
number 

Oan 

Cm 

peroent. 

Oan 

Dec.    1872  . 

96 

94*1 

6 

6*9 

102 

June  1873  . 

P 

p 

Dec  • 
June  1874  . 

96 

uoo 

10 

0-4 

106 

94 

88-7 

12 

11*8 

106 

Dec.     „  . 

116 

02 

10 

8-0 

^26 

June  1875  . 

115 

91-3 

11 

8-7 

126 

Doc*     •«  • 
June  1876  . 

118 

89-4 

14 

10-6 

132 

119 

90 

18 

10 

183 

IDac  1, 

P 

f 

183 
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Nmlw  ilk  |Ood  ovdflr 

1  NninteiiDteivAfr 

Totiil 
nnmber 

Yearly  Averages. 

\tcT  cent. 

Cars 

ixr  cent. 

Cars 

1872 

06 

041 

6 

6-9 

102 

1873 

96 

00-6 

10 

9*4 

106 

1874 

106 

00-5 

11 

0-6 

Tin 

1876 

110^ 

iK) 

10 

1876 

110 

00 

13 

10  1 

132 

1876 

Number  of  cars  on  duty  (second  balf-jear)  82, 

bang  62  per  cent  of  the 

total  namber. 

Return  of  Sdting  Stock,  as  at  JJec^itber  31,  187G. 


Cars  132 

Oninibiis«'8  .15 

Groove-cleauers  3 

Forage-TUia  4 

Oarto  3 

Bk«ke  1 


168 

LoHSov  Traxwats. 


Receipts,  1871-76. 


Tear 

Miles  run  by  i 
mn 

ReceipU 

noelpts 

1 

Total  j 
Mcelpt* 

I'er  cent,  of 
capital 

1871 
1872 
1873 
1874 
1876 
1876 

Miles 

890,000 
1,860,584 
1,H!)L>.323 
1,063,013 
2,497,643 
2;S29,708 

X. 

46,660 
104,010 
110,348 
117,410 
138,061 
1H664 

£ 

770 
648 
1,770 
2,746 
2,667 

2fiao 

£ 

47,420 
105,558 
112,127 
120,101 
140,608 
166,674 

JKT  ccut. 

200 
36-9 
33-4 
30-3 
33-3 
62^ 
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London  Tramways. 

.Rflcw^pto— oontmued. 

A^eraffe  IchkMi 
of  w»y  open 

BMBlpto  por 
mile  open 

p.  r  mile 
per  week 

Per  mila 
ran 

1871 

1H72 
1873 
1874 
1876 
1876 

HOCi 

10 

171 
18 
20i 
20i 

S 

4,7ft3 
'  (5,207 
1  6,443 
1  6,678 

6,1>43 
1  6,740 

01-2 
120-5 
123-9 

128-  4 
133-6 

129-  7 

p 

1,030 
1,000 
1,036 

Ftnoa 

12-  79 

1 3-  (53 

14-  22 
14-77 
13-52 
1407 

1876 


Keceiptfl  per  car  on  duty  (82)  1,006 


Lo!n)oi7  Tbamwats. 


Patiengen  Carried,  1871-7a 


Number  of  pM^engen 

BooeipU  from  paMcugcn 

Year 

Tout 

Per  car 

Per  mile 

Total 

Par 
paftamgar 

Fas. 

PaaL 

Panoa 

1871 

1872 
1873 
1874 
1875 
1870 

p 

ll,on8,2(vi 

11,701.408 
13.ir4,025 
15,700,0(57 
16,693,630 

lOs.siK.) 
111,200 
113,500 
122,4(X) 
118,100 



5-  07 
0-23 
0-74 

6-  32 
0*09 

46,660 

104,010 

]io,;i4>^ 

117,410 
13s,0ol 
134,664 

P 

2-27 
2-25 
214 
210 
2-07 

1870 

NumlxT  of  iiii^-  cn-rers  per  car  on  dutv 

(82  in  second  liuil-year)       .       .      *.  liHJ^OO 
Do.        do.       'perdajofd66    .  521 
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London  Tramways. 
Wwhing  Expenditure,  1S71>76. 


im 

1871 

187S 

1874 

1878 

1878 

DlRBCT  EXI'EXDITCIIK. 

£ 

£ 

£ 

£ 

£ 

£ 

Honbig  .... 
DrlTew'    liml  xliifters" 

wa^r**!'  (ostinifttad) 
Bepiiir  of  LMr-<,  liHhid- 

iiiB  buiidiiun  • 
Maint«fUHM*  «f  W»J 
Trafflo  .... 
r  General  chugH  . 
(  RoiU  .... 

2\,r>64 
1  i,(m 

1.020 

4,:>93 
3,189 
1,383 

45,851 

8,610 

4,697 

13,060 
3.996 

2.080 

47,446 

7.696 

8,149 

14,834 
3,146 
2,148 

53.194 

7,995 

r  4.190 
i3,S;{9 
16,590 
8.0W) 
3,634 

71,175 

10,817 

5,221 
2,613 
19,734 

2.826 
5,083 

<;2,:>77 

10,184 

6  691 
4,671 
18,365 
2.885 
6,547 

Stocok  ... 

774W 

80^ 

U7^ 

iisjse 

OON'I'UIUBliT  KlPINUfnm. 

* 

£ 

■  A 

* 

£ 

RaU*  and  Taxt-s 
Liccn**  and  excisi'  diilic* 
Comiit'niJntion  . 
Legal  and  ParlUuzMntAi7 

388 
263 

m 

314 
583 
747 
1^77 

876 
779 
1 .587 
l.OOO 

1.294 
866 
1.702 
1,1m 

1,999 
628 
2,112 
IA60 

1,767 

598 
1,608 
1,728 

OuilllB|BBfc  . 

i.ti« 

flilfl 

S,74> 

0,019 

8.888 

•8,781 

TOTAI,  BXPKXDrrUBK. 

Do.  per  nil*  ran  .  . 

Do.  per  €Bl.  of  NOi^  . 

36.463 
d. 

79r9% 

80,114 

d. 
10-M 

nt  % 

87.160 

d. 
11*0« 
71-9% 

9.'>.h;h 

d. 
11-78 
7M  % 

123,368 

d. 
11-88 
87-8  % 

118.031 

d. 
11*87 
884% 

Averiiged  Working  Expenditure  for  Three  Yeartj  1874-76. 


UUes  ran  Iqr  0W8 :— 6,780,389,  for  thne  yean;  3.260.130  miles  per  year. 


Airjonr.t  for 
3  >eatB 

I 

Amount  per 
year 

iPropdrtiona! 
piiirt  of 
totol^ex-^ 

ExiK'nditure 
per 

DlRFXTI  ElPENDITURB. 

HoniDg  . 

Wagw  of  drivers  and 
shifters  (estimated) 
Repair  of  cars 
Maintenanoe  of  way . 
Traffic     .  . 
r  General  cbtfg«i  . 
\  Bents  • 

£ 

187,347 

28,006 
16,102 
10,622 
63,689 
8,761 
Iop^o3 

£ 

02,440 

0,666 
6,367 
8,607 

17,897 

2,J>21 
6,064 

Per  oent. 

66-63 

8-60 
4-77 
8-18 

16-92 

2-60 
4-62 

Penoe 

663 

1-03 
•67 
•37 

•31 
•54 

320,670 

10^890 

06*06 

11*86 
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LoHSOK  Traxwatm. 
Averaged  Working  Expenditure  for  1874-76 — continued. 


AmODDtfar 

m 

par  jw 

Proportional 

piutof 

bOLoi  ex- 
penditure 

Exiioniliture 
per 
mlle-nm 

COKTINOKNT  KXPKN- 
DITURK. 

Kates  aud  taxes 
Lioenfles  and  excaae 

duties  . 
Compensation  . 
Legal  and  I'arliamen- 

taij 

£ 

5,060 

2,002 
5,421 

4,029 

£ 

i,as7 

007 
1,807 

1,348 

1-50 

•02 
1-61 

1*19 

Faooa 

•18 

•07 
•19 

•14 

• 

16,602 

5,534 

402 

•69 

TOIAL  EznHBXTUBE 

337,272 

112,424 

100  00 

11-94 

Total  Receipis 

397,343 

132,448 

Ex  pnditure  in  parts  of  total  receipts,  84 '90  per  cent. 
Net  receipt.^         do.          do.       16*10  „ 
Do.    pur  vear,  in  parta  of  capital 

expenoituxe    ....  2*62  „ 

Pence 
1400 

2*12 
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Loxsov  Traxwatb. 


jrOM-JSiHt  md  Cottfor  lUpair  ^  Can,  1871-76. 


Average 
mmiber 
of  can 

MiksBranlif  CHB 

Oetk  fat  tmatr 

Number  * 

FttrGK 

Per  car 
per  day 
of  365 

Amoont 

Per  car 

Tor 
mile 
run 

1871 
1872 

1875 
1870 

Cms 

102 
106 

116 

129 

ia2 

XllM 

007,004 
964,786 

1,958,018 

2,497,043 
2,329,703 

MUM 

0,487 
9,103 

16^840 

19,370 
17,660 

IfilM 

620 
49^ 

46-1 

531 
48-4 

« 

4,190 

5,221 
6,001 

86 

40-5 
60-7 

Phmm 

•50 
•71 

120 

iviTtu/i'H  for  t/ic  1  Itn  c  Yetirs^  lS74-7<>. 
2,200,120  1  17,940  j    491    |  0,.'W7  |  42  0 

1  -57 

LoTDOir  Tramways. 
Average  Length  and  Coat  for  MairUenance  of  Wat/f  1871-76. 


Averase 
leogtb 
open 

OcMtfOrmain 

deaanoeof  tnij 

Year 

1 

Amount 

Pit  mile  of 
way 

Per  w^iiaro  ' 
yard  of  way  • 

IVr  mile 
run  by  can 

Miles 

£ 

£ 

Pence 

Panoa 

1871 
1872 
1873 
1874 
1875 
1870 

10 

171 
18 

20  [ 

20i 

? 
? 
? 

3,239 
2,013 
4,071 

180 
129 
231 

4-32 
310 
6-54 

•40 
•25 
•48 

Aver  (Iff  es  for  the  Three  Yenrg,  1874-70. 

19-6 

1  3,607 

1  180 

1  4-32 

•  AllowfiW 

lO^OOO  aqntM  fudi  par  li 

Deal  mile. 

Q  2 
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CHAPTER  in. 

LONDON  STBBBT  TSAMWAYSy  1872-7A. 

The  cost  incurred  for  the  tramways  as  laid  in  the 
streets  amounted,  at  December  31,  1876,  to  upwards 
of  £100,000,  or  to  £1^,645  per  mile  of  double-line. 
The  total  expenditure  on  all  the  line,  with  buildings, 
hones,  and  plant,  amounted  to  about  iS28,000  per  mile. 

The  horse-power  was  hired  from  the  London 
General  Omnibns  Company  nntil  April  1875,  when 
the  tramwaj  company  aoqoired  their  own  horses  and 
worked  the  lines  themselves.  It  appears  from  the 
acoonnts  that  the  cost  for  horse-power  was  the  same 
in  proportion  to  mileage-ran,  when  it  was  hired,  as 
when  it  was  provided  by  the  company  themselves. 


Capital  ExpendUw, 


Tear 

MDeiofan 

Qtifgttl  aaqwBdifaire  at 

December  81 

Total 

Per  mUe 

35  monUii  ending  Dec.  31, 1873 
1874 

1875 
1876 

KilBi 

94,761 
104,043 

153,506 

£ 

38,130 

27,921 
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LOHDOV  SXBK  TbAICWAIB. 

DflCmb  <f  SxpmiHwn  at  Deoanber  81, 1876. 

Fvini]*  Plroaat. 

Oonstructioii  of  tramways, 

and  Parliamentary,  lopral, 
engineering,  and  other  ex- 


penses  incideatal  thereto 

102,569, 

or 

18,645 

06-81 

Property  and  buUdings 

22,868, 

or 

4,158 

14-89 

BoIUngstodr  . 

10,539, 

at 

1326 

6*86 

Horses  .... 

16,588, 

or 

8,007 

1077 

MftnhiiMwy 

631, 

or 

06 

-84 

ITamesa    .       .       ,  , 

231, 

or 

42 

•16 

Oiilce  furniture .      .  . 

290, 

or 

53 

•20 

£168,666 

lijo 

LonoH  SKBm  Tbaicwais. 
iZsMyCs,  1878-76. 


Ymt 

mMniii 

Beodpta 
from  traflo 

Stmdrj 

Total 

Per  oenUot 

1 

tgrottt 

nodptt 

miH 

« 

« 

FttT  oBnlh 

,  25  months  to 

Dec.  81, 1878 

68,272 

457 

58,729 

P 

1874 

89,106 

604 

89,670 

8817 

1876 

1876. 

772,598 

46,829 

707 

47,636 

30-96 

Heceipta — continued. 


Tflur 

Receipt'!  per 
mile  open 

Per  mile  per 
week 

Per 
mile-ran 

£ 

1 26  months  to 

Dec.  31, 1873 

1874 

8,822 

160^6 

14-97 

1876 

1876 

8,644 

166-2 

14-77 
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Fmnnffm  Canitd,  187&-70. 


VvbJmk  of  PMHBgn 

Total 

Perow 

For  mile 
ran 

Total 

Per 

Pan. 

25  montlis  to 

Dec.  31, 1873 

68,272 

1874 

4,880,963 

rio 

88,036 

1-82 

1875 

1876 

6,020,880 

7-27 

46,829 

200 

Wcrhhtg  Expenditurtf  1873-76. 


SSmoutlii 
to  Deo.  SI. 
1878 

1878 

1874 

Total 
aaoont 

In  parts  of 
total  ex- 
penditore 

Par 
mile-ran 

A 

ps  csnt. 

Penea 

Hone  hire 

Honing'  by  the  company 
Wages  of  drivers  aod  pole- 
sliif  tens .... 
Repair  of  cars 
Mftintciiiinoo  of  way 
Traffic  .... 
j  General  Cbaxges  . 
\  Baiti,i«n^  and  tana 

6,688 

1,758 
1,837 
6,176 

}  !,»« 

18,070 

8,287 
l.Wti 
958 
4,795 

1^ 

4,172 
1,6()2 
1,246 
6,9(11 
j  1,356 
t  80T 

56-38 

10-M 
ri'o 
5-27 

15-47 
3-70 
S'S4 

6-68 

1-80 
•M 
•39 

1-83 
•43 
•87 

Direot  •     •  • 

80,088 

86,688 

soft 

11'40 

Oomnrorar  Expckditi)  kb. 

Bates  and  taxes 
Licenses  and  excise  duties 
Compensation  . 
Legal  and  ParUamentair 

122 
271 
986 
607 

136 
392 
888 

769 
185 
238 
360 

2-03 
•49 
•62 
•66 

•24 
•06 
•07 
•66 

Contiogeat  . 

1,936 

1,477 

1,442 

8-78 

•46 

Do.  per  mile  nm  . 
Do.  par  oant.  of  noaipte . 

48,984 
77*»% 

31,566 
d. 

11*34 
78<% 

38,130 
d. 

11-86 
80'S% 

100-00 

U'86 
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LoHMV  Sum 

r  Tbaicwaii. 

IMM  «f  Wiujf, 

]tl4 

itn 

Ijonp^h  open  .... 

Cost  for  iimiuteuance 
Ditto   permile  . 
Ditto    p<'r  square  yard  of  wiy* 
Ditto  per  mile  run      .  . 

4^  milee 

£958 

£213 
5*11  pence 
•84  „ 

5^  miles 
£1^46 
£337 

C  ^/S  pence 
•38  „ 

•  AHofwlng  10,000  aquATO  jud«  par  linMl  nOt. 
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OHAFTEB  lY. 

DUBLIir  TBAKVATS,  1872-76. 

The  Dablin  tramways  have  been  horsed  from  the 
commencement,  by  the  tramway  company  themselves. 
The  ezpemies  for  horse-power  in  1873  and  1874,  were 
exoessive,  on  account  of  injudicions  pnrohases  of 
hmefly  and  the  neeessitj  for  selling  a  portion  of  the 
stock  and  lephMsing  it  with  better  horses.  Daring 
the  last  two  years,  1875-6,  nnder  improved  manage- 
ment of  the  horse-power,  the  cost  for  horsing 
amoonted  to  B^d,  per  mile  ran  hy  cars.  Ab  the  ^ 
number  of  horses  in  the  stud  averaged  abont  480 
dnring  those  two  years,  the  mileage-run,  which  was 
over  a  million  miles  per  year,  was  performed  at  the 
rate  of  about  six  miles  per  horse  per  day — the  same 
performance  as  was  deduced  for  the  horses  engaged 
in  the  traffic  of  the  North  Metropolitan  Tramway. 


CtgtiUd  JBxpenditure* 


T«tr 

DeooMflrSl 

Capital  eipendttW  at  Doocmlxr  31 

Total 

Pbt  inOs  opflD 

1872 
1873 
1874 
1875 
1876 

MOflt 

J) 

15 
10 
16 
16 

129,690 

218,937 
246,701 

S6M81 
S56,633 

£ 

14,410 
14,262 
16,862 
16,905 
15,»77 
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Dublin  Tramways. 

Iktmla  of  Expenditure  at  December  31, 1876. 
MSet  epen,  16. 

Parmile 

Tramways,  equipments,  roll- 

ing  itock.  land,  buildings, 

&0.  (hidading  76  oan  and 

Sonudbiues)*.  .  S85j977»  or  14,749  « 

Horses  (486)  .  .  .  17^  or  1,086  - 
Machinery  and  plant  .  .  900,  or  56  >- 
Harnt'SR,  stable  implemantB, 

forye-s,  tools  .  .  .  1,00(),  or  68  = 
Office  furniture  . 


F«r  cent. 
oC  total 


92-88 
679 
•86 


aOO,  or 


10  - 


•42 
■12 


£2S6jd3l,otmfiTr  -  100*00 


*  Bejt  ftff  76  cars,  at  £230 
ftomnibnaai  . 


£l7ii4W 
MO 

A17.M0 


Nw^tr  e^  Com. 


NnmlMr  in  good  order 

NnalMriiiider  MfMir 

Total 
nnnibsF 

Ons 

Per  oent. 

Cars 

Per  OL'ut. 

Cars 

June  1872  . 

P 

43 

2 

46 

June  1878  . 

G7 

Of] 

3 

4 

70 

6G 

94 

4 

G 

70 

June  1874  . 

62 

89 

8 

11 

70 

62 

89 

8 

11 

70 

June  1876  . 

? 

P 

70 

Dec.  „ 

p 

P 

70 

June  1876  . 

? 

? 

70 

Dec.  „ 

P 

P 

76 

1872 
1873 
1874 
1876 
1876 

62 

95 
89 

gee, 

8 
P 
P 

1 

5 
11 

70 
70 
70 
78 
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z  w 

Mik^<  nin  by 
cars 

from  traffic 

Sundry 
roodptt 

Total 
receipts 

Per  c<?nt.  of 
capital 

1872 
1H7.3 
1874 
1876 
1876 

? 
"? 
P 

1,088,734 
887,840 

^0,222 
IJ2,446 
63,248 
69,801 
73,808 

658 
1,170 
730 
824 
1,428 

A 

36,880 
63,624 
63,984 
70,716 
74,781 

27-7 
20-7 
260 
27-8 
29-2 

wuM  ilHBII  t 

Taw 

Avt'rjigo  length 
of  way  open 

RecHpta  per 
avemge  mile 
open 

Per  uiilo 
per  week 

• 

Sigrmlla 
nin 

1872 

1873 
1874 
1876 
1876 

ifiiM 

6 

13 
16 
16 
16 

6,980 

4,804 

4,420 
4,779 

115 

941 
70-0 
86 
80-8 

802 
903 
956 
1,043 

PUM 

16-33 
18-17 

DUBLDT  TBAXWATB. 

Knmber  of  insscngent 

Receipts  from  poascngen 

Total 

Per 

187S 
1878 
1874 
1876 
1876 

3,138,522 
5,285,180 
5,209,546 
6,849,926 
6,078,087 

73,700» 

76,500 
1  75,280 
83,570 
86,770 

P 
P 

P 

6-63 
6*16 

86,222 
62,445 
a3,248 
60,891 
78,303 

Peoce 

2*67 

2-78 
2-88 
2-87 
2*90 

*  For  MooDd  hal^J«il'. 
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DuuLiN  Tramways. 


WwHng  JExpenditure. 


UTS 

ins 

1874 

1S7S 

tun 

IIoninK  .... 
DrlTcra'  wa>;es  and  traffic 
expense?  .... 
BepAirs  of  can  and  baUdings 
MidntenAQoe  ol  waj  • 

( Ofloaisl  obMBB 

tB«»  «... 

14,<I00 

S.478 
771 

1,849 
(inratn) 

SM41 

12.468 
1,683 
2,138 
3,i9S 
Itl 

M44S 

I1,8S4 
2,529 
1.648 
1^7 
AM 

s«,8n 

11,781 
2,874 
2,M3 
2,609 
488 

SS,7M 

13,198 
3,248 
:i,!)83 
3,392 
418 

SllMl     •      •  • 

484U 

48^ 

CO!mN<;K.NT  KXi'K.\  UlTCUB. 

Rates  and  tazM  •  • 
OompaMtiaa 
LicuMulBHliinMQtaiy  « 

6M 
180 
Ml 

S,9tt 
417 

1,»9 

3,096 
198 
4M 

1,776 
1,334 
1,381 

1,840 
636 
848 

Oonll&gMifc 

9JU» 

4,sa 

Mil 

HfiU 

4S,M8 
A 

48,801 

dU 

Bo.  p«inlto*nm 

Do.  IMrcMl.«(noeIpts  . 

? 

M-9  % 

? 

771  % 

T 

78-0  % 

11-40 
<»>8  % 

11-90 
«8-6  % 

Averaged  Working  Sxpend&ure  for  Two  Yeargf  1876-70. 

Mik-afc'c  of  earn,  2,*>i0,o73  for  two  jean ;  1,013,036  milra  per  ymr. 


▲oMMiiite  for 

Amoanta 

Per  cent,  of 

total 
expenditure 

m^OB 

DiBlOI  £XP£Z7I)1TURE : 

£ 

« 

Pwoant, 

Horaiiw  . 

Drirenr  wages,  and 

traffic  .  . 
Repairs  of  cars  Emd 

Duildiogs 
Maintenaiioe  of  imy  . 
f  Generul  chttfoe  . 

48,606 

38,979 

G,122 
6,626 
4,901 
878 

34^ 

11,090 

3,0t>i 
8,2^ 
2^ 
486 

49-30 

24*88 

6-22 
6*63 
4-97 
•89 

6-76 

2*84 

•72 
•77 

•68 
•10 

91,006 

45,503 

02-33 

10-78 
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DuMLa  Tbaxwatb.  . 


Averaged  Working  Expenditure  for  1875-76 — continued. 


Amoimtefor 

two  JMIS 

Amonnta 
parjwr 

Per  cent,  of 
sipnditDTC 

mOe-rtm 

DITUBX: 

£ 

Pk  otnti* 

Fbqos 

Rates  and  taxes 

Compoiisatiun  . 
Legal  and  l*arliamen- 
tary 

3,616 

1,860 
2,090 

1,808 
925 
1,048 

867 

1*88 
213 

•43 
•22 
•26 

7^2 

3,781 

708 

•90 

Total  Expe.vditukk  . 

98,568 

49,284 

100  00 

1  11-08 

Total  liECSiPTS 

146,440 

72,723 

Fncc  per  mile 

Ditto        per  mile  run  17*23 

Expenditure  in  parts  of  receipts,  67*8  per  cent. 

Net  receipts      do.      do.       33*2      ^    •      .  6*66 

Do  per  year  in  parlB  of  capital 

expenditure  ....  9*2  „ 

MUm-Rtm,  and  Co&t  for  lUpmr  nf  Can, 


Tour 

ATerage 

number 

of  €UB 

Wim  ran  by  can 

Goat  for  repair 

Nnznbflr 

Fvfltr 

Per  car  per 

AllMHIlit 

Per 

Per 
mile- 
ran 

Afyoar, 
1  Doc.) 
\l872 

1873 
1874 
1876 
1876 

Can 

45 
70 
70 
70 
78 

ItOm 

• 

P 
P 

1,088,724 
987,849 

lltlM 

14,840 
13^20 

■Oh 

40-7 
37-0 

771  i 
1,683 
2,629 
2,H74 
3,248 

(J-year) 
171 
24 

861 
411 
44-6 

Pence 

•66 
•79 

Averages  for  th 
71-5  j  1,013,036 

V.  Tico  Yi 
1  14,170 

1  39 

-70. 
3,001 

42-8 

•726 

DUBUN  TRAMWAYS,  237 
Dublin  Tramwatb. 


Awrogt  Ltn^,  and  Cbdfor  Mahdmmet  of  Wajf, 


Average 
iBDgthopen 

Co«t  for  maintenance  of  way 

TMor 

Atnount 

Per  mile 
of  way 

Per  square 
jaidwmj* 

Per  mile  nm 

1879 

1873 
1874 
1876 
1876 

lOki 

6 

13 
16 
16 
16 

« 

2,133 
1  .(i48 
2,542 
8,083 

164 
103 
160 
249 

3-94 
2-47 
381 
6K)0 

P 
P 
P 

•97 

Aoeragtifor  the  Two  Tmn,  1875-76. 
16      1            1    204  1  4-00 

•77 

*  Allowing  10,000  aqoare  yarda  per  Unaal  mile. 
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CHAPTER  V. 

TSAMWATS  OF  GLASGOW  AND  TBB  YALB  OF  OLTDB. 

Qlasgow  OoRPORATiON  Tramifaxs,  1872-1876. 

The  tramways  of  Glasgow  are  worked  by  the  Glasgow 
Tramway  and  Omnibus  Company.  The  lines  are 
beld  mider  lease  from  tbe  Corporation,  fbr  21  years, 
by  the  oompauy,  which  was  formed  on  July  1,  1871. 
By  the  terms  of  the  lease,  the  company  pay  to 
the  Corporation  interest  at  the  rate  of  4^  per  cent, 
per  year  on  the  outlay :  a  sinking  fund  at  the  rate  of 
about  3  per  cent,  per  year;  a  mileage-rate  of  £150 
per  year  for  every  mile  of  street  traversed  hy  tram- 
ways within  the  municipal  boundary;  and  a  re- 
serve fur  tlie  renewal  of  the  tramways  of  upwards  of 
3  per  cent,  per  year,  amounting  to  from  ^^230  to 
£240  per  mile  per  year.  This  reserve  is  simply 
lodged  in  tmst  with  the  Corporation,  and  belongs  to 
the  company.  The  business  of  the  company  consisted 
entirely  of  omnibus  traffic  nntil  June  80, 1872 ;  and, 
till  December  81,  1873,  fire-sixths  of  the  traffic 
receipts  were  drawn  from  omnibus  traffic.  The 
following  analysis  of  accounts  is,  therefore,  limited 
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to  the  jeara  1874-76,  when  the  trafific  congbted 
almost  wholly  of  tramway  bnsmess. 

The  tramways  were  originally  worlred  with  the 
stnd  of  omnibos  horses  belonging  to  the  company. 
But  these  were  fotmd  unequal  to  the  work,  and  they 
were  gradually  sold  and  replaced  by  more  powerful 
horses.  The  cost  for  horsing  during  the  three  years, 
1874-76,  was  as  follows  : — 

Tear  d. 

1874  ....  6*32  per  mile  run  by  cars. 

1876  ....  6-41         „  „ 

1876  ....  5*61         „  „ 

Average    .  6-03<{.      „  „ 

— showing  a  decided  reduction  for  the  last  year, 
due,  in  part,  to  a  fall  in  the  price  of  provender,  and 
in  part,  no  doubt,  to  improvement  in  muiuif^ement. 
The  horses  are  worked  in  studs  of  ten  to  a  car,  and 
are  more  hardly  worked  than  those  employed  on  the 
tramways  of  London,  during  the  six  week-days ;  but 
they  rest  on  Sundays — a  privilege  which  is  unknown 
in  the  metropolis.  For  the  years  1874  and  1876,  the 
miles-nm  and  the  total  number  of  horses  were  as 
follows ; — 

Mil«s-nm 

▲Tenge  nnmber      Nmnbcr  of         per  boTM 
Year  Mil(«-run  of  horses  working  days         per  day 

1874  ...  1,075,000  ...  820  ...  313  ...  0-62 
1876    ...    2,310,000    ...  1,104     ...     813     ...  6-71 

— showing  that  the  horses  do  more  work  per  work- 
ing day  than  those  working  in  London,  where  six 
miles  a  day  is  the  average  per  horse.  But  the  work 
aTeraged  per  day,  including  Sundays,  amcmnts  to 
only  5*60  miles  per  day  in  1874,  and  5'76  miles  per 
day  in  1876. 
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lu  this  connection,  the  daily  miles-nm  per  oar  on 
duty,  in  1874,  did  not  exceed  64  miles. 

Olasoow  Oorporation  Traicwatb. 


Capital  Expenditure  at  December  31,  1876. 
XDm  op«D,  10*Mh 


Owmbar  SI,  18741. 

PgaparttoMla 
part  of  total 

£ 

Per  cent. 

Lease  of  the  tramways  . 
Heritable  property  (build- 
ings and  groimi) 
Plant  and  maehineiy 
Horses  .... 
Oars  .... 
Omnibuses 
Office  furnituie 

147,833 

98,295 

6,847 
61,177 
34,000 

1,494 
613 

9,756 

6^ 

458 
3,378 
2,244 
99 
34 

43-46 

28-89 
2-04 
15-04 
9-99 
•44 
•16 

Total  capital. 

340,169  1 

22^7  1 

100-00 

Year 

Recelpta 

from 
oar  knOo 

RooeiptB 
from  omni- 
InMteaflle 

Sundry 

Total 
nooipto 

Percent 

of 
orbital 

1874 
1876 
1876 

Miles 

1,075,000 
1,861,200 
2,319,000 

& 

104,285 
117,46;3 
140,912 

£ 

2,664 
202 
1,673 

£ 

6,273 
5,266 
3.622 

£ 

113,222 
123,011 
146,107 

Percent. 

43 

-Bwnytfi  contiiiiiodi 


Tear 

IfllHopfln 

TMal 
Noalpiti 

Per  ^^te  per 

PWfitt 

FarmUa-run 

MUes 

£ 

£ 

£ 

Pence 

1874 
1876 
1876 

14 

1616 

16-16 

8,086 
8,119 
9,644 

166 
166 
186 

1,063 
1,025 
910 

16-22 
16-96 
16*13  ' 
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Working  Kvpenditure,  1874-76. 
ToUl  mileage  ran  by  can,  5,845,900  for  tliree  yoAn ;  1 ,948.400  miles  per  jrenr. 


Arerage  for  1874-76. 

M7a 

JiOffv 

4liiotmt 

Per 
cent,  of 

total 
amount 

Per 

milo- 
run 

Dinacr  BzncMurruiub 

Wages  

Repabs  oi  can  and  bmUdingi . 
MaintenBDoe  of  mjr 
Gcnflnl  duusM    .     •  • 

44.069 

4,460 
4^ 
8,607 

£ 

49,U9 
3V,7z« 
4345 
1.495 
8,610 

£ 

58,291 
Sl,e7i 
5,219 
2,788 
8|6^ 

4S,9t3 
27,764 

2.855 
4.406 

~Per~ 
cent. 
53-10 
30- 12 
0  26 
810 
4*78 

Pence 

6-03 
3-42 
60 
•85 
•64 

Dlivot  .... 

81.288 

86,325 

9H,H1I 

10-94 

OOMTPWHT  KxrmmmnaL 

Lic<'iis^>a  and  exciM;  duties 
CompcnMtlon  .      .      .  • 

2  1X3 
630 
132 
434 

1  ,fi04 
ItM 
•.»40 
829 

2  397 
'3r.o 
828 
720 

2,081 
3M1 
400 
492 

2-26 
■41 
•43 
-54 

•i6 

•Oft 
•03 
•06 

Oontiiigttit 

6^6. 

9,881 

4^ 

8.864 

8*64 

Total  Bzninxrnns. 

86,877 

88.718 

108,106 

99468 

lOO-OO 

11<86 

Do.  per  mito  mn    *  . 
Do.  par  oeofe.  of  reeelpta . 

d. 
1218 
74'8l% 

d. 
11-50 
79*18% 

d. 
10^67 
70'67% 

<t. 
11-35 
79'60% 

AftZe6-.SiMy  and  Coat  for  Repair  of  Can. 


ATcnge 

number 
of  car* 

HilBs  ran  by  can 

Goal  for  rc^'oir 

Tear 

KombflT 

For  oar 

Per  car 
per  day  of 
313  days 

Ainonnt 

For  oar 

Per 
nUe-rnn 

Mil.-* 

Milt's 

MiUs 

£ 

£ 

Ponce 

1874 

187.'. 
1876 

lt'«i 

120 

159 

1, »"."). iM>l> 

l.s.M 

2,319,000 

l.'.7!tO 
l.'..4io 
14,590 

l!f3 
4t>-6 

4,460 
4.K45 
5.219 

41  9 
40-4 
8i-8 

•♦•.4 
•63 
•64 

Averagetfor  Thrtt  Yeart,  1874-76. 

1,M8|^ 

18^60 

1 

4,869 

87'?  , 

'60 

#br  84  Chfv  M       fa  1874. 

18T4 

84 

1,878^000 

18,840 

1  88-7 
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Vaia  op  OiTDB  Tkaxwaib,  1878-78. 

Of  the  Vale  of  Clyde  Tramways,  the  Govan  section 
was  laid  out  and  constructed  with  a  view  to  the  con- 
veyance of  mineral  traflBc  as  well  as  passeny^er  traffic. 
The  miiK^ral  traffic  has  hitherto  constituted  bnt  a 
very  small  proportion  of  the  receipts — not  more  than 
24  or  3  per  rent.,  in  1876.  The  Greenock  section  is 
devoted  entirely  to  passenger  traffic. 

The  Govan  section,  opened  on  January  1,  1873, 
was  worked  under  a  contract  with  the  Glasgow 
Tramway  Oompany  nntil  June  30,  1874,  after  which 
the  horsing  was  done  bj  another  contractor. 

Oft^til  expenditiire,  as  per  Iwkiiee  aheet,  at 
Beoemberdl,1878  .£131,840 


Jieceipts  and  Exjtenditur^ 


Total  reodpte 

WorUog  eipflndltitn 

« 

£ 

Far  cent. 

1878 

9,886 

8,208 

88-4 

1874 

14,644 

11,582 

79'6 

1875 

13,764 

68-9 

1876 

15,802 

64-6 

Year  1670. 

Miles  open   6}  miles 

Miles  run  by  14  cars      .      .      .  176,261  miles-run 

Bo.  do.  par  or  .                 .  12,680  „ 

]X>.  do.    do.    per  day  (did)     .  40*3  „ 

Total  raoeipte   £16^803 

Do.    do.    per  mflo-opeii  £2,207 

Do.     do.     p<>r  mile  per  week      .  £43*6 

Do.     do.     per  car  (14)        .       .  £1,003 

Do.     do.     per  mile-rtm       .      .  20-84</. 

EzpeDditore  per  mUe-run .            •  1S'44<^ 

Net  receipts  per  mfle-nm,  7*IOrfL 
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BDINBUBGH  STREET  TBAMWATS,  1871-76. 

The  tramways  of  the  citj  of  Edinbuiigli  have  been 
constructed  and  worked  under  very  considerable 
diffioolties,  municipal  and  physical.  Laid  upon  long 
and  seyere  gradients,  the  Edinburgh  Tramways  are 
more  difficult  to  work  than  any  other  system  in  the 
United  Kingdom.  The  horse-power  was  supplied  by 
contract  during  the  first  few  years,  in  the  course  of 
which  the  contractor  raised  his  terms,  insomuch 
that  on  one  section  the  company  paid  him  the 
abnormal  sum  of  lOd.  per  mile  run— not  unreason- 
able. For,  though  the  company  anticipated  that  not 
more  than  three  horses  would  be  required  to  work 
the  system  at  any  point,  it  was  found  that  for  work- 
ing on  the  steepest  gradients — on  Leith  Walk,  North 
Bridge,  and  Portol)ello  Road — four  horses  were  re- 
quired. In  1B74  the  company  terminated  the  con- 
tract for  horse-power,  acquired  all  the  horses  belong- 
ing to  the  contractor,  and  commenced  to  horse  the 
lines  themselves.  The  price  paid  for  the  horses,  at  a 
valuation,  was  only  £28  per  horse.  The  horses  were 
not  suited  for  the  service,  and  it  was  not  until 
the  year  1876,  that  the  hmrses  thus  acquired  at  a 


244     GENERAL  COST  AND  EXPENDITURE, 


valuation^  were  replaoed  by  others  suited  to  the 
work.  Nevertheless,  on  some  of  the  gradients  the 
labour  is  excessive,  and  the  horses  are  very  sorely 
tried.  From  the  gradients  of  Leith  Walk,  averaging 
1  in  32>^f  which  the  maximum  gradient  is  1  in  14 
— ^the  horses  are  shifted  every  few  months  to  another 
and  an  easier  section,  on  which  there  is'  no  steeper 
gradient  than  1  in  25.  They  begin  to  recover 
strength  after  having  been  worked  for  some  time  on 
the  easier  gradients,  and  they  are  again  placed  upon 
the  severer  inclines.  *  Bat  for  such  a  rotation  of  duty, 
the  horses,'  says  Dr.  Wood,  the  chairman  of  the  com> 
pany,  'would  not  last  at  all.  As  it  is,  tin  y  last  a 
shorter  time/  he  believes,  *  than  in  most  other  towns, 
aiul  it  is  extremely  difficult  to  keep  them  in  cou- 
ditiuu.* 

The  average  cost  for  horso-powtr  in  tlie  year 
187(>,  worked  by  the  eODipany,  amounted  to  ~  \(L  per 
mile  run  by  cars,  which  is  probably  tlie  higliest  rate 
of  cost  in  this  eonntry  for  tramway  work.  Naturally, 
the  number  of  miles  run  per  horse  is  less  in  Edin- 
burgh than  elsewhere.  It  amounts  to  only  5*80  miles 
per  day  of  313  in  the  year. 
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Edinbuboh  Stbbei  Tbamwats. 


Cofijua  Bxpmiibwn  at  DmAtr  81,  1876^ 
Length  «t       It's*  mdH. 


■ 

i8r« 

Far  a]]e«f 

Ferotnt.  of  Uk 
tal  expendltate 

« 

FcroBt. 

Preliminary,  legal,  and 
Parliamentary  . 

30,110 

2,266 

13-64 

City  road-trust 

3,000 

226 

1-36 

Way  and  equipments 

l.'W,3.50 

10,256 

61-74 

1  Stalolee  and  property 

20,242 

1,623 

917 

1  Oan  .... 

11,401 

668 

6-17 

OmnibuBaa 

1,438 

108 

•66 

Horses  .... 

16,1)09 

1,273 

7-66 

Harness  

560 

42 

•26 

'  Oiiee  fundtuie 

t 
1 

762 

67 

•34 

Totals  . 

290,762 

16,000 

Tra^  and  Hec^pU/or  the  Year  1876. 


IfUaa  ran  lij  64  can 
Bo.    do.  parcar 

Do.  do.  do.  per  day  (313) 
Number  of  passengers  (8,000,000  to 
9,000,000).  .  .  .say 
Do.  do.  per  cars  (64) 
Do.  do.  per  mile  ran 
I  IWun  tnffic 
Do.  do.  atindiy 
Do.  do.  total 

Do.  do.  per  cent  of  eajntal 
Do.  do.  per  mile  •  . 
Bo.  do.     do.     per  week 

Do.  do.  per  car  (64) 
Do.  do.  per  mile-run 
Do.  do.  per  passenger  . 


816,643  ndlea 
16,121  „ 
48-8  „ 

8,600,000  pass. 
167,407  „ 
1041  „ 
iieO,627 
;ei,684 
£62,111 

28-13  per  oant 
£4,673 

£1,160 
18'26  pence 
1-71  „ 
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Edinbitkoh  Street  Tramways. 


Warkmg  Expenditure  for  the  Year  1876. 
lOkace  nm  Iqr  can,  816,Mt  mltok 


Anuwnts 

Proportional 
part  of  total 
expenditure 

Expenditure 
per 
mile-rnn 

DiEBCi  Exfbhdhubs. 

Honu^                »  • 
Repairs  of  can  and  mniur- 

buses  .... 
Maintenance  of  way  . 
TwfBo  (including  driTers' 

wages)  .... 
General  charges  . 

£ 

20|863 

2,174 

2  707 

7,ms 

3,377 

For  omt. 
68-68 

4-83 
6*01 

17-54 
7-60 

Panee 
7^76 

•64 
•80 

2-32 
•09 

AO  AO  1 

1)4-41 

12-50 

OOHXLMGEVT  ESxpiinuziiJti. 

Bates  and  taxes  . 

Licenses  .... 
Compensation  and  law  ex- 

676 
120 

1,710 

1-60 
•27 

3-82 

•19 
•04 

•51 

3,614 

6-60 

•74 

Total  ExpEiiDixu&E. 

45038 

10000   j  13-24 

Total  IIlcku'Ts.  £(32,111 

Ditto         per  mile  run  ....  18*26 
Expenditure  in  parts  of  total  receipts      72*52  percent.  13'24 
Net  receipts      ditto         ditto          27'48      „  6*02 
Ditto          ditto     capital  ex- 
penditure      .  8*67 

CHAPTEB  Vn. 

TBAHWATB  AT  I1EBD89  SHBFFIBLDy  AKD  80UTHP0BT. — 
PBOTDTOIAL  TKAMWAT8. 


Leeds  Tbaxwats,  ld73-1876i 


Capital  Expenditure, 


MiKs  open  at 
December  SI 

Capital  expeDditoK  ftt  Deoembar  81 

ToUl 

P«r  mile  open 

MUee 

£ 

1873 

8 

83^998 

10,500 

1874 

11 

120,801 

10,086 

1876 

11 

130,571 

11,870 

1876 

11 

160,588 

14,600 

Tear 

Aver»K<' 
miles 
open 

BMofpli 

Receipts 
p<T  o-nt. 

of 
capital 

Per 
mile 

PermUe 
perwaek 

Per  car 

Paas. 

Sundry 

Total 

1873 
1874 
1H76 
1876 

Miles 

10 
11 
11 

1S,734 
34,214 

37,133 

« 

2,463 

887 
1,568 
1.118 

£ 

18,786 

as.osi 

3t*,7()l 

i9,m 

18*8 
20-8 

'iO'6 
.i4-6 

£ 

^jm 

8,820 
8,MI 

£ 

486 
48 

68 
68 

£ 

? 

726 

7S!> 
693 

Digitized  by  Google 


248     GENERAL  COST  AND  EXPENDITURE. 


IsBm  TkULKWATSj  187(^-76. 


WorMng  Expenditure,  • 


1873 

1874 

1875 

1876 

ATcropc 

of 
1875-76 

Tn  vinr^A 
1 11  (lui 

(><'  totnl 

OX|Klldi- 

lure 

DutBOT  BxramDim. 

£ 

£ 

£ 

£ 

£ 

pproPTit. 

Tniffif.    iticlii'ling'  of 

drivers  and  polc-atiUten 
Car.  liaruen,  aad'gsMral'  n- 

MalnUMiancp  of  way  . 

J  0«nend  (with  gM  and  water) 

6,016 

2.676 

677 
100 

m 

MA 

■DO 

10,2.{7 

fi,74K 

8*iS 
2<>6 
1,052 

I7,6.'i.3 
4,!<69 
2.13.') 
1,3.17 

18,384 

5,562 

2,-20s 
1 .3:{!t 
1,670 

18.018 

6,216 

2,172 
944 
1,459 

KOI 

61*24 

17-72 

7-38 
.1-21 
4-94 

i  Vi 

COXTIXUKNT  EXI'EXDrniHB, 

Bates  and  taxM  .      .     .  1 
UoenMBiidesciMdiitifla.  j 
Legal  and  ParlfaaMBtaiy  . 

268 
147 

677 
188 

686 

m 

106 

736 

18S 
156 

711 

Its 

3*43 

^S 

•M 

410 

765 

9»<3 

1.074 

1.028 

;f.v» 

Total  Bxfwdituiue. 

19,833 

28,156 

29.435 

j  loo-oo 

Total  lUxKn-i.^  

Expemliture  in  parU  u(  n-ci-lptii  .      .      .      75-26  per  cent. 
Net  receipts      do.         do.      .      .      .      24-73  „ 
Do.            do.       capital  expenditure     6-65  „ 

18.161 

Avmroge  Langth  and  Cod  for  Mamtmanee  of  Waff, 


Average  leogth 

Totnl  oTpendi- 
ture  for  main- 

Per  mile 

Per  sqnarc 
jardotway* 

Miles 

A 

£ 

Feaoe 

1878 

100 

16 

f 

1874 

10 

205 

20-5 

•fi7 

1876 

11 

548 

50 

1-68 

1878 

11 

1,339 

121-7 

3-97 

*  Allowing  7,850  square  yards  per  mile. 
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SSKraiBLD  TRAKWATSy  1874-79. 

Capital  JE>ij}eiuiUure. 


Miles  open  at 
December  SI 

Capital  expeodltim  at  December  81 

Total            Per  mOe  open 

1874 
1876 
1876 

UOrn 

£ 

36,i>6« 
37,972 
38,613 

£ 

13,180 
7,994 
8,107 

• 

ReceipU  (20  cars). 


Year 

Average 
miles 
open 

Receipti 
Sandiy 

( 

Total 

Reociptii 
per  cent. 
oCoftpltal 

Per  mile 

PermUe 
per  week 

Per  car 

Miles 

£ 

£ 

£ 

Per  cent. 

£ 

£ 

£ 

1874 

2f 

12.489 

175 

349 

4.«ii'4 

? 

1X75 

4i 

l.'>,23fi 

16fi 

l.').40-.> 

40-6 

3.24'J 

1876 

4jt 

16,144 

130 

16,274 

39-6 

3;216 

Gib 

764 

WoHang  Bxp&nditmt* 


1874 

1879 

1870 

£ 

£ 

£ 

Total  expenditure 
Do.  per  cent,  of  leoeipts 
Net  recHipt3  in  puts  <»  total 
receiptii  .... 
Net  receipts  in  parta  of  capi- 
tal flzpeoditllie 

8,801 
69*6  96 

30-6  % 

10-6  96 

10,799 
70-1  96 

29-9  % 

13-S  96 

10,971 
71-8  % 

28-2  % 

11-2  96 
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SouTHPOBX  Tbamwatb,  1874-76. 

Capital  Expenditure. 


Yflu 

Mites  open  at 
DecannlwrSl 

Gkpltal  coqMDdita 

Total 

rattDflcemlwrSl 

Per  mile  open 

MUoi 

1874 

4 

21,422 

6,355  ' 

1875 

4 

2:3,024 

5,756 

1876 

4 

20,320 

6,580 

Details  of  Hxpeiuiiture  at  December  31,  1870.    Miles  opened,  4. 

Far  mile  Per  cent. 

«  «  oftotal 

Tramways  .  .  19,110,  ar  4,777  -  72-6 
Buildings.      .      .     2,306,  or     576   =  88 

Horses  and  cars  4,202,  or  1,0(]6    =  16'2 

Machinoi  v  and  plant  501,  or  148  =  2*2 
(Mce  furniture       .        61,  or       13   »  *2 


SouxopoKX  Tramways,  1874-76. 
SeetipU. 


Year 

into 

Beoeipte 

Per  mile 

Per  mite 
per  weak 

Per  oar 

(15  months)! 

1874  i 

Miles 
4 

£ 

8,051 

Percent. 

301 

£ 

1,610 

£ 

31 

£ 

920  (7  cars) 

1876 
1876 

4 
4 

7,782 
7,941 

33-8 
80*2 

1,945 
1,986 

37 
88 

973(8  „  ) 
722(11,,  ) 
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SOUTHPORT  TRA.\rW  AY8,  1874-76. 
Working  Expenditure, 


Total  expenditure 
Do.  per  cent,  of  receipts 
Net  receipta  in  parts  oi  total 
receipts  .      .  . 

Net  receipts  per  year  in  part 
of  capital  expenditure 


10  moDibs 
1874 

1878 

1878 

£ 

5,444 
67-6  % 

£ 

4,299 
66-2  % 

A 

5,143 
64-8  96 

S2*4  96 

44-8  96 

85-2  96 

0-7  % 

ion  % 

Pbovincial  Tramways,  1875-76. 
Capital  E.vpenditure. 
Purchase,  Construction,  and  Equipment,  1876. 


Hmm  of  tnmmigr 

UileiopMi 

Chipitil  wprnditnre 

Total 

Per  mib 

Plymouth  .  •  . 
OardifV  .... 
Portsmouth  . 

2-04 
2-40 

2-24 

36,983 

;{r),ooo 

42,626 

« 

17,640 

14,oH0 

i9,oao 

Totals  . 

6-68  113,fi(Ji> 

17,010 

Averaged  MeceipU  for  1875-76. 


Mike 

Baoa^ptapvyev 

Per  cent. 

Pariidte 

optn 

Sondry 

Total 

of  capital 

FarnllB 

« 

« 

Fw  oflnt. 

Mnwiidi' 

S-04 

9^79 
8^9 
7,fM 

146 
166 
74 

10.125 
8,73A 
7^ 

2816 
'i7-82 
17'17 

4.9C4 
4,066 
8,887 

95 -5 

78-01 

81*87 

Totals 

<e8 

86,793 

8a6 

27,178 

•J393 

4,088 

78-61 
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Pbotincial  Travwatb,  1875-78. 


Yearly  Working  Expenditure^  average  for  1875-76. 


flj  IIIBIllih 

Oatdiff  tramway 

tnmvay 

Direct  ExPEXDirruB. 

Horsini;,  drivers,  and 

tniffic 
R<'Iialr  i)f  cars  . 
Mainteiumoc  of  way 
Oeneral  expeuses,  local 

and  ia  London . 

£ 

6,266 
663 

1/MO 

Per  cent, 
of  total 

7  7  •.'>(". 
7-00 

1  •KK 
1  SO 

1S*M 

£ 

&8i 

310 

Per  cent, 
of  total 

71-40 
8'63 

•<aa 
•  as 

1M7 

4,780 
423 
fa 

919 

Percent. 
«f  total 

76-53 

6-77 
i*ia 

14'«8 

99*19 

m7 

<.909 

99*17 

CONTTSOKNT  EXPKN- 

ocroHa. 

Liccn<»<««  ... 
Ci>ut|N»nsatiOB     .  . 
hagtX  .... 

se 
» 

9 

•as 

•S8 
•11 

16 
86 
U 

•23 
•62 
•77 

39 
16 

•6J 

"H 

67 

•71 

103 

1-52 

64 

•86 

Total  ezpe&dltore 

8,077 

100^00 

6,780 

10(HW 

6,366 

100*00 

Total  rivoipta 
Hxpcnditure  \n  parts 

of  rfK:eipte 
Net  receipts  in  parte 

of  receipts  . 
Net  i«oei|yti  In  part  of 

etpltal  espewUtara . 

10,123 
79-8  % 
20-2  % 
••7  % 

9.7M 
<9-t  % 
I0-7  % 

8-i  % 

7,918 
89*9  % 
14*9  % 

1*9  % 

CHAFTEB  Tin. 

DBW8BUST,  BATUBTy  AVD  BIBSTAL  TBAXWAT. 

This  is  a  single  line,  tbe  oonstraction  of  which  has 
been  noticed  at  page  82.  It  is  3*325  miles  in 
length. 

The  following  is  the  state  of  the  capital  expen- 
diture at  June  30,  1876 : — 


Total 

For  mile 

PrelimiDar}'  expenses:  Legal  and 

s 

£ 

1,022 

•.•  487*8 

Ooostnictioiiof  wfty  . 

17^ 

...  5^11-0 

Do.  'staUes 

2,507 

...  7640 

Office  fiirnituxe  .... 

60 

150 

Saddlery  

KX) 

my  I 

1,705 

...  612-8 

1,273 

...  382-9 

128 

87-0 

Plant: — Steam-engine^  oon  mfll, 

hay-eliopperi  ahi^liuig,  toola»  &tf . 

418 

...  134«2 

Actual  coet 

25,120 

...  7,555 '0 

10 

8-0 

Total  coet. 

SM30 

...  7,  8-0 

The  amount  for  construction  ot  way  consists  of 
these  items : — 
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FerniJle 

£  £ 

Paid  to  contractor  ....    16,481    ...  4,957 
Compeustitiou  to  the  Corporation 

of  Bfttlej  .  .    £500  I       600  ...  180 

Do.     do.     Devabnrjr  £100  J 
P^jdtoMigiiieemaiidelerkofworkB      246  ...  74 

£17,327  ...  £5,211 

Two  of  the  cars  are  oonstracted  to  cany  40  pas- 
sengers, 20  inside  and  20  outside,  and  they  weigh 
2^  tons  each.  The  remaining  five  cars  carry  32  pas- 
sengers, 16  inside  and  16  outside,  and  they  weigh 
1^  tons  each.  The  wheels  are  30  inches  in  diameter, 
and  at  a  distance  of  5^  feet  apart  between  the  axles. 
The  ordinary  traffic  is  worked  by  the  smaller  cars. 
On  Saturday  evenings,  and  other  special  occasions, 
the  larger  cars  are  also  employed. 

The  whole  number  of  40  horses  is  equivalent  to 
eight  horses  per  car  in  ordinary  running;  the  extra 
cars  are  worked  by  the  same  stock  of  horses.  The 
horses  ai'e  occasionally  rested  during  the  week,  and 
on  every  Sunday,  on  which  day  the  traffic  is  sus- 
pended. '  It  is  certainly  a  very  good  road,'  says  Mr. 
Truswell,  the  manager  and  secretary,  'but,  never- 
theless, too  much  on  granite  sets,' — that  is  to  say, 
for  the  good  of  the  horses.  Qnfy  three  pairs  of 
horses  are  run  per  day  with  each  car  on  duty,  and  one 
pair  is  in  reserve  to  supply  the  place  of  sick  horses 
and  for  rest  days.  Each  pair  of  horses  on  active 
duty  runs  one-third  of  the  day. 

The  number  of  miles  run  by  cars  during  the  year 
1875-76,  was  106,500,  run  on  313  days.  This  mile- 
age is  equivalent  to — 
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840^  milfls  per  day. 

67  do.      do.     per  car  on  regular  dnty  (5). 
22^  do.      do.     per  pur  of  liOEBe.<<. 
31,300  do.    per  year  per  ear  on  regular  duty. 

The  receipts  from  txaffic  for  the  years  1875-70 
were : — 

Fares  ^946 

Sundry  188 

£6,068 

being  equivalent  to— 

20*17  per  cent,  of  the  capital  exjx-nditure  at  June  ik),  1870. 
£1,624  per  mile  open,  for  the  year. 
£20*3  per  mile  open,  per  week. 
£l/)18-6  per  oar  on  duty  daily. 
11*42  pence  per  mile  run. 

Bbwsbvbt,  B&tut,  Aim  BneiAL  Traxwat. 

Working  Expenditure  for  the  Year  endiny  June  31,  I87G. 


Wta  ran  hy  ma,  IQtjm. 


Total 

ProportfoDftl 
part  of  total 
cxpenUiture 

Per  mUe-mB 

DiMCT  EZFSNDITXnUL 

Horsing  . 
Drivers^  y^t^gtii 
Ilepair  of  cars 
Maintenance  of  way 
Traflbs  •      >     .  • 
Genenl  ehaxgee 

2,629 

322 
26 
80 
405 
210 

PHroeot. 

60-36 
8-49 
•69 
210 

10-68 
6-64 

6-92 

■73 
•06 
•18 
•111 
•47 

3,672 

06-85 

8-27 
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DEwsBniY,  Batlky,  AM)  BiusTAL  Tramway. 


Ji'orkii^  Expenditure for  the  I'ear  ending  June  31, 1876 — coutinued. 


ToUl 

Proportional 
put  of  total 

M|IMlditOTO 

1 

Pbt  mile-nm 

CoimNOENT  EXPBNSITUBB. 

Kent,  rnies,  ana  utzes 
Licensed 

£ 

1  >  _ 
14-7 

z  1  ft 
•39 

Pf>nce 
.90 

•04 

119 

314 

•27 

Total  ExrExun  i  iik  . 

<.a,79l 

1 

10000 

8-64 

Total  Kecelpts 

i.5,068 

11-4:2 

Expenditure  in  parts  of 

receipts     .             .74*8  per  cent. 
NetieooiptB   do.    do.      25'2  „ 

2-68 

Tke  items  of  the  expenditure  for  horsing  are  as 
follows ; — 


*. 

d. 

1,735 

1 

3 

Keuewal  of  horses,  being  the  cost 

for  freah  hones,  lees  the  proceeds 

of  the  sale  of  hones 

S63 

17 

Shoeing  

SOD 

10 

0 

Stablemen,  wages  .... 

32.3 

0 

0 

Veterinary  services  .       .       .  • 

30 

0 

0 

General  labour  

70 

10 

0 

General  repairs  .... 

16 

16 

6 

£2,629 

8 

6 

Eaxsh  horse  is  allowed  17  pounds  of  corn  per  day, 
composed  of  oats,  peas,  maize»  and  bran ;  with  12 
pounds  of  chopped  haj,  occasionally  mixed  with  straw. 
To  each  horse  is  given  also  1^  pounds  of  linseed,  after 
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hsmng  been  steeped  in  oold  water  for  24  hovoBy 
stirred  about,  and  given  as  a  drink.  *  It  is  the  finest 
thing  I  know  of/  says  Mr.  TmsweU, '  and  a  frequent 
change  in  the  food  of  a  horse  has  most  beneficial 
results.  This  does  not  receive  the  attention  it 
deserves ;  it  is  invaluable  to  the  health  and  well- 
being  of  the  horse.'  The  quantities  of  provender 
consumed  during  the  year  were  as  follows : — 

£    t.  d. 

@    8    6    0  per  ton 


Hay  .  63  tons  13  cwt 
Straw     .     33  tons  12  cwt 

OitB      .  d07^iiaflteis 
Main-  .    40  „ 
Beans    .    40  „ 
Peas  62  „ 

Linseed  .     21  „ 

Bran      .  HOpacks*,  of  I78tone41be.    @    0  16  0 
Green  clover  od  tons  2  cwt. 
Oanots  .  7totM3ewt. 
Giaaog  . 


2qn.        @  4  0  0  „ 

%  1    7  S  per  qr. 

@  1  10  0  „ 

@  2   2  0  „ 

@  2    2  0  „ 

®  3  10  0 


n 


@  2  0  0  per  ton 
@  2  16  0  „ 


SS  3  0 


*  Some  horses  are  finished  for  our  purpose  in 
twelve  months,  whilst  others  will  last  five  or  six  years  ; 
but  there  is  the  fact  that  we  run  ours  much  farther 
and  faster  in  a  day  than  many  companies  do,  which 
will  go  a  great  way  to  account  for  their  not  lasting 
Tery  long.  But  I  do  make  it  a  practice  to  have  them 
well  attended  to.' 

The  shoes  of  the  horses  htst^  on  an  average,  from 
eight  to  ten  days*  In  exceptional  instances,  horses 
hare  required  to  be  re-shod  every  four  days. 


8 


CHAPTER  IX. 


THE  LOKBON  0£K££AL  OMNIBUS  COMPANT. 

The  management  and  the  experience  of  the  London 
General  Omnibus  Company  has  been  long-continued 
and  successful ;  and  it  is  well  to  epitomise  some  of 
the  results  of  their  experience,  drawn  from  the  half- 
yearly  Reports  of  the  Company  for  the  years  1875-76. 
A  considerable  proportion  of  the  business  of  the 
Company  consists  in  supplying;  horse-power  to  the 
North  Metropolitan  Tramways  Company.  It  is  not 
possible,  therefore,  to  deduce  from  the  accounts  the 
net  oost  for  omnibus  sernce.  The  following  epitome 
contains  aJl  that  can  usefolly  be  abstracted  for 
^mparison  with  the  accounts  of  tramwaj  com- 
panies:— 

Oapizax  ur  Pbofdiit:—  w§  w« 


73^806 


Stock  -  in  -  trade : —  Omni- 
bufles,  horseS)  haram, 
goodiviUi  and  appur- 
tensacM 


522,116 
£685,924 


Cgl,640 
£506,348 


Total  . 
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OmriBUMBi— 
IGkBran 

ATSn^  number  of  omn^ 
buHAs  on  daily  dulj  on 
week  daya  . 

Do.    do.     on  Sundays . 

Bo.    do.    for  7  days  a 


IGlot  run  per  onmibua  on 

duty,  peryear 
Number  of  pasaengieiB  CAT- 

lied  by  omnibuses 

Do.     do.      per  mile-run 
Average  number  of  horses 

Heceipts 
On] i  nary  omnibiis  traffic 
and  hire        .       ,  . 
Horsing  tramway  cars 
Hannre  and  adTwtising  . 

Total  receipts 
Baeeipts  per  cant  of  capital 
in  property  at  tha  and  of 
the  year 
Keceipta   firam  <«iinbaa 
traffic  per  onmnnia  on 
duty  .... 
Do.    do.    per  day  (^365). 
Do.  do.  per  omnibiu 

par  day 
Do.  do.  par  mila-mn  . 
Do.  do.*  par  paewngor . 


1875 

11,619,606 


.5(U 
4U0 

660 

91,180 

48,720,038 

4-28 
7,913 


£ 

637,1)05 
106,194 
9,447 


£053,540 


109-6  96 


£978 
£1,474 

£2  ISt. 
11-lU 
8'60tf: 


1876 
No. 

11,806,966 


668 
470 

664 

Sl,890 

61,167,94fi 

4-33 
7,883 


£ 

644,056 
100,673 
9,01g 

£653,041 


109-8  96 


£082 
£1,491 

£216f.6^ 

IKNML 
9-66dL 


Averojfed  Working  Expeiuliture  for  Two  Year$j  1875-76. 
Mil(»unui  per  jear,  11,713^81. 

DlRXCT  ExpENDITTRE: —  Peryewr 

Horpiti;.'.  including  renewal  of  horses  £ 

(7,903  horees)     ....  404,618 
oil.  do.  pvboTBa    •     •     •  £61*9 

a  S 
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Per  year 

Maintenanee  of  omoilNuee,  and  aprona  29,4Sl 

Do.  do.  p«roiiuii1iiuoiidii7(652) 

Do.  do.  per  mile-mil  (lly718|S81)  0*e(ML 
Traffic  diaiges,  including  wagea  of 

drivers  and  conductors  .             ,  116,883 

Qeneral  charges,  including  rents  37,410 

Total       .      .      .  £677,342 

CoHTnrevinr  EIifiiiuituiu:—  4 

Ratee  and  taxes      ....  2,776 

Excise  duties  and  licenses      .      .  2,686 
Coinp'iiMvtion  and  law  chaigea  con-  Per  mile  ran. 

uected  tiierewith        .      .      .  3,020   or  ■047c/. 

£8,982 

Total  oxpeoditnra  .  £686,324 

Tiu?  numbers  of  new  omnibuses  that  were  con- 
structed as  renewals  of  omnibus  stock  in  the  course 
of  two  jears,  were  as  follows : — 

Half-vearendisg  June  1875     ....  9 


Ditto  December  1876 

Ditto  June  1876  . 

Ditto  December  If^TB 


11 
14 

13 


47 


New  omnibuaea  in  two  yean 

The  mOeage  run  by  omnibiiseB  dorisg^  tlid  same 
period  amounted  to  23,426,562  miles,  equiyatent  to 
498,440  miles  per  omnibus  replaced.    The  life  of  an 

omnibus  is  therefore  deducible,  in  round  numbers,  as 
500, OUO  miles.  Again,  the  average  annual  number 
of  miles  run  per  omnibus  on  daily  duty  is  21,225 
miles.  If  it  be  taken  at  21,000  miles,  a  round  num- 
ber, the  average  life  in  years  of  the  omnibuses,  sup- 
posing that  they  were  on  duty  every  day  continuously, 
would  be  24  jears.    Bat,  necessarily,  they  are  off 
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duty  for  repair  firom  time  to  time ;  and  though  the 
aocoonts  do  not  show  how  manj  soiplns  omnibiifles 
there  axe  in  the  stock,  it  maj  he  assumed  for  present 
pniposes  that  80  per  cent,  of  the  whole  number  is  on 
daity  duty,  and  ^  per  cent.,  or  a  fourth  more^  is  in 
reserve  and  under  repair.  Adding,  correspondingly, 
a  fourth  to  the  number  of  years  abov«  found,  30 
years  is  arrived  at  as  the  actual  life  in  time  of  an 
omnibus. 

The  length  of  the  lives  of  the  horses  contrasts 
unpleasantly  with  the  length  of  life  of  the  omnibuses. 
The  average  total  number  of  horses,  and  the  number 
of  carcases  and  living  horses  sold  when  unfit  for  the 
duty,  during  the  year  1875-76,  were  as  follows: — 

Average  total  Nnmber  Per  cent. 

Tear  Bomber  of  borMi  sold  of  total 

1875  7,913  1,889  239% 

1876  7,893  1,774  22-6% 


Averaged      7,903  1,832  S8*2  96 

showing  that  upwaids  of  23  per  cent,  of  the  stock  of 

horses  are  sold  and,  of  course,  replaced  per  year. 

From  these  data,  it  follows  that  the  whole  of  the 

stock  of  horses  is  renewed  in 

100      .  01  

2.^.^=4-8lyears5 

and  that  thus  the  life  of  an  omnibus  horse  is  4'31 
years : — varying  from  4*2  years  in  1875,  to  4*44  years 
in  1876. 

Hr.  A.  G.  Church,  the  general  manager  and 
secretary,  states,  on  an  extended  basis  of  expe- 
idence,  that  the  life  of  a  horse  varies  from  4  years  to 
4)  years  in  the  sendee 4  years  on  tramway  service, 
and  4|  years  on  omnibus  service.  The  shorter  life 


Digitized  by  Google 


262    GENERAL  COST  AND  EXPENDITURE. 


of  the  tnunwaj  hone  is  eatfly  wsooanted  for  bj  the 
greater  eflPort  required  to  start  a  tramway-car,  in  oon- 
sequence  of  the  greater  mass,  rigidity,  and  weight, 
compared  with  the  condition  of  an  omnibus ;  together 
with  the  greater  frequency  of  the  stoppages  to  which 
the  tram-car  is  subject,  arising  from  the  greater 
number  of  passengers  carried  by  the  car,  and  from 
the  number  of  stoppages  incurred  in  addition  by  the 
occasional  blockage  of  the  tramway  by  other  vehicles. 
The  frequently  repeated  efforts  required  of  the  horses 
to  start  the  cars,  tell  disastrously  upon  their  con- 
dition ;  for,  although  the  resistance  to  a  tram-car  on 
a  tramway  is  much  lees  per  ton  than  the  resistance 
to  an  omnibas  on  a  common  xoady  yet  the  eflPort  of 
traction  required  to  start  a  tram-car  is  much  greater 
than  that  for  an  omnibus.  The  greater  frequency  of 
the  stoppages  of  the  tram-car  for  passengers  than  of 
the  omnibus  is  proved  by  the  greater  number  of  pas- 
sengers per  mile  run  by  the  car,  which  amounts  to 
about  7^  passengers  per  mile  on  tiie  North  lletro- 
politan  Tramway — worked  by  the  Omnibus  Company 
— and  to  only  4*30  passengers  per  mile  by  the  om- 
nibus. It  is  very  probable,  taking  into  account  extra 
stoppages  by  the  car  and  by  the  omnibus,  that  the 
former  is  stopped  and  started  at  least  twice  as  fre- 
quently as  the  latter. 

There  is  a  significance  in  the  correspondence 
between  the  number  of  horses  sold  and  replaced,  and 
the  .receipts  from  omnibus  traffic  and  the  horsing  of 
tramway-cars,  in  the  two  yeaiES  1875  and  1876. 
Thus,  in  1876,  the  receipts  from  omnibus  traffic  were 
about  £6y000  greater,  and  those  from  tramways 
were  about  the  same  amount  less  than  in  1875.  The 
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easement  was  made  aj)parent  in  the  smaller  number 
of  horses  sold  in  1876 : — it  was  1,774  as  against  1,889 
sold  in  the  previous  year. 

The  proportional  number  of  carcases  and  livinf^ 
horses  sold  during  the  jear  ending  June  30,  1870, 
were: — 

1,208  carcases,       or  65  per  cent. 

076  liTuig  liofMs,  or  85  „ 
l,884sold  100 

showing  that  two-thirds  of  the  horses  that  were 
sold,  either  died  or  were  worn  out  in  the  service, 
and  that  a  third  were  sold  as  only  fit  for  agricultural 
work  : — too  weak,  or  afflicted  with  bent  knees.  From 
more  extended  data,  Mr.  Church  states  that  the  pro- 
portion of  carcases  and  living  horses  sold  are  about 
60  per  cent,  and  40  per  cent.  The  horses  are  pur- 
chased at  about  the  age  of  five  years,  for  about  :g40 
each;  and  they  are  sold  when  worn  out  for  £9  or 
£10.  For  agricultural  service  they  fetch,  on  re-sale, 
sometimes  as  much  as  £16,  £17,  or  £18. 

The  horses  are  fed  almost  entirely  with  maixe : 
oats  as  a  staple  of  food  has  been  abandoned.  The 
following  are  the  quantities  and  the  costs  of  pro- 
vender, for  the  half-year  ending  December  81,  1876, 
including  the  cost  of  preparation,  cartage,  lighter- 
age, and  expenses  at  the  dep6t8 : — 


Quarten 

1,410  ofttB  .      .  .  d 

40,17OiiMin.  .  @ 

021  beaut .      .  .  @ 

:^,107biu  .      .  . 

4,990  hay  and  dorer  .  % 

^Idatnw.  .  % 
Simdiy  and  giuB  6ra 


A    i.  dL  «     «.  4. 

1  8  9  1,686  18  6 
18  2  69,317  18  6 

2  8  7  2,287  7  9 
0  11  1  1,760  18  7 

6  6  6  27,628  11  11 

2  6  8  19,947  1  6 

.  141  17  0 

£122,928  9  8 
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The  weight  of  the  grain  consumed  waa  as  fol- 
lows : — 

ton    cwt.  qn.  lbs. 

OfttB,     1,419  qiuurfeare  .  198  11    2  8 

MaiM^  49,179  „  .  .  10^  7  0  16 
BeviB,    921      „.      .      206  11     2  12 

Totalweiglit  .        10^986  10    1  8 

The  average  cost  of  provender  consumed  by  each 
stud,  including  the  expenses  in  connection  with  the 
provender  department,  was  £174. 

It  appears,  from  the  foregoing  statements,  that 
the  total  cost  for  matntenance  and  renewal  of  horses 
was  i^l.  49.  per  year,  or  about  £1  per  week. 


CHAFIEK,  X. 


AJTALTBIS  OF  THE  CAPITAL  008T  OF  BHOZJBH  TaAXWATS. 

The  capital  aoooantB  of  tramway  oompanies  bear 
evidence  of  extremely  unequal  and  disproportionate 
expenditure,  including,  in  many  instances  at  leasts 
absurd  and  arbitrary  charges  for  nominal  damages 
or  fiuidttd  privileges.  The  most  absurdly  unjust 
charge  imposed  upon  urban  tramway  companies  is 
the  cost  for  paving  the  line  of  tramway,  which 
extends  to  a  width  of  nearly  six  yards  in  case  of 
double  lines,  and  amounts,  in  round  numbers,  to 
10,000  square  yards  per  lineal  mile.  Allowing  12s. 
per  square  yard  as  the  cost  for  the  pavement,  exclu- 
sive of  foundation,  there  is  forestalled,  for  the  cost 
for  paving  alone,  an  item  of  £6,000  per  mile  of 
douUe  line — a  charge  which  clearly  ought  to  come 
home  to  the  municipality. 

There  is  not  much  difference  in  the  costs  of 
tramways.  As  Mr.  Souttar  remarks,  <a  tramway 
will  cost  practically  the  same,  whatever  system  is 
adopted;  and  it  is  a  question  of  condition,  not  of 
system.'  •  •  •  'It  cannot  be  too  clearly  under- 
stood that  the  cost  of  a  tramway  is  only  slightly 
aJFected  by  the  particular  system  on  which  it  is  laid, 
but  materially  by  the  weight  of  rail  and  quality  of 
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paving  and  concrete  that  the  circumstances  render 
advisable.'  ^ 

The  annexed  abstracts  of  the  actual  net  costs  of 
varions  tnunwajs,  already  described,  demonstrate 
the  force  of  these  remarks.  Separate  items  are 
given  for  the  three  leading  elements  of  cost — ezca- 
Tation  and  concrete  fbnndationy  waj»  and  pavingi 
Though  in  some  instances  the  distribation  of  cost  is 
only  approximated,  it  shows  how  limited  a  propor- 
tion of  cost  is  incnrred  by  the  way  itself,  which  lies 
between  £1,000  and  £1,500  per  mile,  in  ronnd 
numbers,  when  the  rails  are  of  steel  or  of  rolled  iron. 
The  variation  of  cost,  here  tabulated,  is,  of  course. 


Net  Cost  of  Tramways,  per  mUe  of  way,  single  line. 
FouidatioD,  inqr,  aod  paTing  (polati  aod  oraMtnsi  not  la 


LoooUtjor 

Rails 
MftterUl  and 

parywd 

KxcaTa- 
tion  and 
concrete 

Way,  in- 
clodinK 
laying 

Paying 

Total 
cost 

£ 

1.  London  TmmwayB 

« 

Iron,  50  \\». 

306 

1,500 

3.564 

5,460 

3.  Edinburgh  . 

Iron,  03  Ibo. 

1,174 

1,555 

2,71« 

5,441 

• 

Iron»  W  llM. 

2.6 

58 

2,430 

5,078 

4.  (}li»^ow,  Ittt  contract 

• 

8,2 

4» 

1,484 

4,733 

T).     IK).      fith  do. 

• 

Iron.  CO  Ibn. 

683 

I. MS 

8,069 

5,406 

6.  Bristol,  Kincaid  « 

• 

Iron,  43  llw. 

484 

1,265 

2,640 

4.389 

7.  I^icestcr,  do.  . 

• 

Steel,  47  lbs. 

ai.') 

1.149 

1,300 

2,764 

8.  8<iuthport,  Beloe  . 

Iron,  40  IbH. 

667 

1.505 

1,697 

3,769 

9.  Wirral.  do. 

• 

Iron,  52  lb«. 

470 

1,318 

1,580 

S,868 

10.  Manoboiter,  Boito 

• 

8t«d.401b«. 

SO 

3,640 

4,960 

It.  LlTorpoolt  Danoon 

• 

8taal,61U». 

1,460 

1.804 

4,525 

U.  Sonfetar 

■ 

997 

i,4ia 

2.712 

5.122 

IS.  Olaigov  Hoilioar,  B«i 
10010,  D«M»  a 

r 

(Out  Irani 

1  203  lb§.  f 

611 

2,420 

2,496 

5,527 

14.  Xatvflnj 

SU>.1,  40  lbs. 

? 

1.178 

? 

? 

IS.  Cockbani-Mair  . 

Iron,  30  Ibi. 

? 

1,046 

? 

? 

16.  Dowson 

Iron,  30  Ibc. 

? 

1,035 

? 

? 

Avmgei,  oonln^HBfHtt.  11 

1,S89 

8,291 

4,M5 

Von  TO  TABU!.— For  ITos.  8, 9,  lO,  ll,  the  coat  for  paving  has  been  reokoaed 
at  Um  mle  of  IS*,  per  aqowB  ywl 


^  Proceedings  of  the  Institution  of  Civil  £ngineerSf  vol.  1.  page  61. 
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ttSbeted  as  mvoh  hj  Tarietj  of  prices  as  by  the 
material  and  the  qpantities.  Bat,  taloiig  averagesy 
the  elemeiitB  of  net  cost  are  as  follows  :— 

Averaged  Net  CoU  of  Way,  itingU  linef  with  raiis  <^  tteel  or  of 

rcUed  iron. 

Single  lino      Double  Uao 

EscttTttion  and  Conente  .  685  1,890 

\ya7  1^  3,768 

PftTing  S,S91  4,682 

To  the  net  cost  are  to  be  added  legal,  parlia- 
mentary, engineering^,  and  other  charges.  Turning 
to  the  statements  of  accounts  for  eleven  tramways, 
which  have  been  analysed,  exclusive  of  the  Vale  of 
Clyde  system,  comprising  130i  miles  of  streets  laid 
with  tramways,  nearly  all  double  way,  the  average 
total  cost  is  £18,707  per  mile.  For  four  of  these 
lines — the  London,  London  Street,  Edinburgh  Street, 
and  Dewsburj — of  which  the  average  cost  amoonted 
to  :£19,321  per  mile  of  street,  the  following  is  an 
approximate  analysis  of  the  capital  ezpenditme : — 

Capital  Ooit. 
Length  of  lAnetf  42|  mUtt* 


Pwafla 

PW  OQDt. 
of  tOtAl 

Tramways  opened 

.  14,040 

7266 

Property,  buUdings,  machinery, 

•nd  plant  .... 

.  1,090 

0^ 

OflbsB  Aifuilim  ... 

45 

•88 

Boiling  aloek 

.  1,334 

600 

Horses  

.  1,870 

9-e« 

HamwiB  and  equipments 

112 

•58 

Tbtal 

.  £10,881 

The  components  of  the  cost  for  ^tramways 

opened '  have  been  given  for  the  London  Tramways, 
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at  page  220,  and  are  bere  repeated  for  direct  refer- 


Legal  and  Parliaindiiteiy  ehugeB .      .  1,000 
Total  per  mile  4016,000 

Averages  do  not  reveal  extremes ;  and  it  may  be 
stated  that  the  capital  cost  varies  from  £28,000  per 
mile  for  the  London  Street  Tramways^  to  £6,580  for 
the  Southport  Tramways, 


ence: 


Per  mils 


BoaUa  line  of  tnmways 
Paving 

Engineering 

Extra  works,  &C  .  . 


.  £8,000 


8/)00 
1,000 

2,000 


v. 

CHAPTER  XI. 

8UMMAEY  RECEIPTS  OF  TRAMWAYS. 

Thb  leceipis  of  tramwajs  afoid  tnily  remarfcaUd 
evidence  their  popnlaxiij  and  their  atiliiy.  On 
the  Glasgow  Coloration  Tramways  the  receipts 

amounted,  in  1876,  to  jS185  per  mile  open  per  week, 

for  six  days  a  week ;  which  far  exceeds  the  relative 
amount  received  by  the  busiest  railway  company  in 
En«^land,  the  London  and  North  Western.  In  1865 
the  receipts  of  this  company  amounted  to  just  llli. 
per  mile  open  per  week. 


Jiticeipts  of  Tramway  m  thg  year  1870. 


Oompriiiing  13  Compantai,  ooenpylng  1S7  inllM 

of  ilntti 

indnwd 

t. 

Baodpto 
per  mOe 
of  wajr 

Per  mile 
per  week 

Per  oar 

Per 
mile- run 

IVr  oent. 
of  capi- 
tal OOBt 

1 

North  Mrtropolitan  . 

LotiiloD  ... 

Dablin  

Olasg-ow  Corporation        .  . 
Valfofflydo     .       .      .  . 
Bdinbargh  8trae(  ... 

Soathport   

Dtwrt^^  B«tl«gr,  and  BUrmtol 

£ 

T,«16 
6,746 
h<44 
4,779 
9,644 

4,67S 

3,315 
1.^ 
1,M4 

£ 
lM>-3 

139-7 
166-3 

89-8 
185 
436 
8»-9 
69 
61  8 
38 

£ 
1.401 
1,035 

1,046 
919 

1,01)3 
1.150 
6lt3 
764 
723 
716 

Fenoe 
16-<I8 

14-77 
1817 
1512 
20  84 
18-26 

11-43 

Poroeot. 

S2-6 
3 10 
292 
43*0 

28- 13 

24  ♦> 

39-6 

30*2 

80*17 

Sl-M 

AvsnigM   .      •      •  . 

0,948 

ijoro 

lyn 

m 

Baoelpte  per  oar  oa  duty  :- 

-North  Metropolitaa 
Ix)nrion  .... 
Dewsbory 

.  £1,740 
l,6«fi 
1,014 
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The  lowest  amoont  of  earnings  was  taken 
by  the  Bewsbforj,  Batley,  and  Biistal  line,  in  the 
first  year  of  its  existence,  after  haying  been  folly 
opened.     The  gross  receipts,  in  1876,  as  may  be 

seen  in  the  preceding  table,  amount  to  35  per  cent, 
or  over  one-third  of  the  capital  cost,  on  the  North 
Metropolitan  Tramway ;  on  the  Glasgow  Corporation 
Tramways  they  amount  to  43  per  cent.  The 
following  are  the  averages  of  the  receipts  given  in 
the  table : — 

Eecei^  in  1876. 

Per  mile  of  way  .  . 
Per  mile  per  week  . 
Per  car 
Per  anile-run 
Per  eeot  of  cftpHal  cost 


114-3 
1,070 

16*73  pence 
38  per  oenti 


The  maximum  rate  of  fares  authorised  by  Act  of 
Parliament  is  a  penny  per  mile ;  though  in  general  a 
minimum  charge  of  3c2.  is  allowed  for  distances  less 
than  three  miles.  But  these  charges  have  probably 
never  been  levied.  On  the  contrary,  the  fare  does 
not  usually  exceed  one  penny  per  mile ;  on  many  lines 
the  rates  of  fares  range  lower  than  tills— on  some 
lines  only  \d,  per  mile,  on  special  routes. 


OHAFTEB  XIL 


OBNBRAL  AHALT8I8  OF  THS  WOBKING  BZPSHBITnSB 

Of  TBAKWATB. 


Thb  heavy  preponderance  of  the  cost  for  horse- 
power on  tramwajB  has  been  oocanonaUj  pointed 
out  in  the  preceding  analyses  of  accounts.  It  may 
be  recalled  here  for  some  of  the  companies : — 


Per  ci'iit. 
ot  total 
HtpsDditiin 

mile- ran 

.  66-67 

6-76rf. 

,  56-63 

6-63 

.  66-38 

6-68 

.  40-30 

6-7(5 

.  6310 

603 

.  58-58 

7-75 

\  68*86 

6-92 

North  Metrojwlitan,  1874-76 
London,  1874-76 
Loudon  Street,  1876 
Dublin,  1875-76  . 
Glasgow,  1874-76 
Edinbugh  Street,  1876-76 


The  expenditure  for  horse-power  varies  from  60 
to  60  per  cent,  and  it  may  be  taken  at  an  average 
of  55  per  cent,  of  the  receipts,  and  at  6^d.  per  mile- 
ron  by  cars  drawn  by  a  pair  of  horses.  TheexcessiTe 
cost  for  horse-power  at  Edinburgh — 7]d  per  mile- 
rnn — has  already  been  accounted  for  by  the  excessive 
steepness  of  the  gradients. 
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The  expenditure  for  drivers'  and  pole -shifters* 
wages,  and  for  working  the  traffic^  was  as  fol- 
lows : — 

Driving  and  Trt^  Exftmu, 


Drtren'  4tc.  wtpcs  Trafflc 
FMr  OMt.    Per  mile-run     Per  cent.    Per  mile-ran 


North  Metropolitan, 

1874r-76     .  . 

8-68  or 

1-03 

1716 

or 

2-06 

London,  1874-76  . 

8-60  „ 

106 

16-92 

f$ 

1-90 

London  Street,  1876 

10-94  „ 

i-ao 

15-47 

tf 

1-83 

Dublin,  1875-70     (in  traffic) 

24-a3 

n 

2-84 

Glas^w  CorporatioD, 

1874-70 

n 

3012 

ft 

3-42 

Edinburgh  Street, 

1876-76 

n 

17-64 

ff 

2*82 

Dewalnny,  ftc 

8*49  or 

•78 

10^ 

t$ 

•91 

The  expenditure  for  drivers'  and  pole-sbifters' 
wages  may  be  taken  at  9  per  cent,  of  the  receipts,  or 
Id.  per  mile  ran;  and  for  the  traffic  department, 
17  per  cent,  or  nearly  2d.  per  mile-nin. 

Placing  these,  the  three  principal  itemSy  to- 
gether, they  conBtitate  four-fifths  of  the  whole  ex- 


penditure i — 

Per  cent.  Per 

ot  totoi  mUe-nm 

Uorring                                      66  6j^ 

TWven*'  and  pole-flhifters*  wages       .    9  1 

Traffic  expenses        ....   17  2 

81  9^ 


The  remaining  items  of  expenditure — for  repair 
of  carS)  maintenance  of  way,  general  charges,  and 
contingent  expenses — constitate  the  remaining 
19  per  cent,  or  2id,  per  mile-ron.  The  following 
are  the  separate  items : — 
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Minor  Expenut. 


Otn 

Way 

General 

Contin- 
geot 

d. 

d. 

d. 

d. 

North  Metropolitan 

•62 

•37 

•43 

•78 

liOndoB  .... 

•67 

•87 

•85 

•69 

London  Stnot       *  • 

•50 

•39 

•70 

•45 

Dul)lin  .... 

•72 

•77 

•08 

•<K) 

(ilasgow  Corporation 

•CO 

•35 

•54 

•41 

Edinburgh  Street  . 

•64 

•80 

•99 

•74 

Bewsbury,  &c. 

•08 

•18 

•47 

•27 

None  of  these  items  amounts  to  so  mnch  as  a 
penny  per  mile-nm.  The  lines  are  not  old  enough 
yet  to  have  attained  to  their  normal  rates  of  cost  for 
maintenance  of  the  cars  and  of  the  way,  excepting, 
perhaps,  the  Dnhlin  Tramways,  which  are  the  oldest 
in  the  list.  Bat  it  is  not  probahle  that  these  items 
of  expenditure  will  amount  in  the  future  to  a  penny 
per  mile-run  for  any  of  the  lines.  Mr.  Hopkins 
has  estimated  that,  for  the  maintenance  of  the  way 
of  the  North  Metropolitan  Tramway,  the  sum  of 
£350  per  mile  is  sufficient  in  perpetuity.  As  the 
niileaf^e  run  in  1876  amounted  to  117,000  miles  per 
mile  of  way,  that  sum  would  be  equivalent  to  '12dm 
or  less  than  ^d.  per  mile-rim« 

ToUi  Ecpeiuet. 

The  total  expenditure  on  tramways  averages 
11  Id  per  mile-run,  or,  say.  Is. ;  and  it  is  75  per 
cent,  of  the  gross  receipts,  which  average,  say,  I6d, 
per  mile-run. 


PAET  IV. 

TRAMWAY  CASS. 


CHAPTER  I. 

HI6T0&I0AL  NOTICE  OF  T&AMWAY  CABS. 

The  earliest  tramway  cars,  specially  constructed  for 

the  modem  tmmway,  were  those  which  were  con- 
structed in  1881,  for  tlie  New  York  and  Ha<arlem 
Street  Railway,  of  which  the  first  section,  in  the  city 


Fw.  100.   Oxiginal  Tram-oir,  miinufactured  in  1881,  by  Mr.  John 

SUipbeiison,  New  Yurk. 


of  New  York,  was  opened  in  1832.  These  cars,  illns- 
trated  in  fig.  100,  were  constructed  with  bodies  like 
those  of  the  road  coaches  of  the  time.   The  car  had 


ORIGINAL  NEW  YORK  CAR, 


three  compartments,  eftch  of  whicli  had  side  doors 
The  body  was  supported  on  leather  springs.  The 
driver  was  seated  on  a  dickey,  or  elevated  seat,  at  the 
front;  the  brake,  which  acted  on  one  pair  of  wheels 
only,  was  moved  by  the  driver's  foot.  The  wheels, 
brakes,  drawheads,  &c.,  were  combined  in  a  *  carriage- 
part,'  a  structure  independent  of  the  body,  which 
rested  on  the  four  axle-boxes  of  tlie  carriage-part. 
On  this  principle  of  arrangement,  tramway  cars  were 
for  several  years  constructed,  until  it  was  fooDcl  by 
experience  that  the  portions  of  the  carriage-part  not 
carried  by  the  springs,  soon  became  worn  and  dis- 
ordered, and  required  to  be  early  renewed.  One  of 
the  first  alterations  in  design,  consisted  of  the  sub- 
stitution of  laminated  steel  springs  for  the  leather 
springs;  the  ends  of  the  springs  were  confined  in 
pockets  on  the  under  sideof  thebody,  whilst  the  springs 
were  secured,  by  the  middle,  to  the  axle-box*  Then 
the  carriage-part  was  dispensed  with.  Pedestals  in 
jaw-plates,  known  as  axle-guards  in  England,  were 
not  used.  *  Though  this  form  of  running  gear  was 
practised  for  several  years,  it  was  unsatisfactory,  be- 
cause the  adjustment  of  wheels  and  axles  was  not 
fiositive.  Single  jaw-pliites  were  then  applied  to  take 
the  axle-boxes  and  keep  the  axles  square. 

About  tlie  year  185(],  volute  steel  springs  were 
substituted  for  laminated  side-springs,  and  were  suc- 
ceeded by  *  spiral,*  or,  properly,  helical  steel  sprin^^s. 
In  every  case,  a  single  steel  spring  rested  on  the  top 
of  the  ajde-box.  But,  in  1 858,  a  pair  of  helical  springs 
were  prorided  for  each  bearing ;  a  yoke  was  placed 
on  the  axle-box,  astride,  and  sustained  a  spring 
at  each  side  of  the  box.  About  the  same  time,  a 
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method  of  preparing  indiarobber  was  diiioovefed,  bj 
whicb  it  presenred  its  elasticity  independently  of  heat 
and  cold,  whilst  its  power  of  sustaining  loads  was 
greatly  increased.  The  combination  of  cheapness, 
durability,  and  smoothness  of  action,  led  to  the  aban- 
donment of  steel  bearing  springs  for  those  of  india- 
rubber.  But,  since  the  expiration  of  the  patent  for 
the  method  of  preparation,  the  manufacture  of  the 
indiarubber  springs  was  thrown  open  to  the  public, 
inferior  goods  were  placed  in  the  market,  the  good 
name  acquired  for  indiarubber  springs  was  damaged, 
and,  as  a  consequence,  spiral  and  other  springs  came 
ag^in  into  demand. 

The  wheels  made  for  the  original  American  car, 
fig.  100,  were  of  cast-iron,  with  flat  spokes,  as  shown. 
.  •  The  '  hub,'  or  nave,  was  parted  radially  into  three 
^ections,  to  proyide  for  the  shrinking  of  the  metal  as 
l&t  cooled.   Bat  the  wheel  was  not  strong,  and  solid 
wood  wheels  with  iron  tyres  were  substitated.  These 
were  heavy  and  expensive,  and  they  were  liable  to  fail 
by  the  loosening  of  the  tyre.   About  1884,  the  cast- 
iron  plate-wheel,  or  disc-wheel,  was  introduced ;  it  is 
regarded  in  America  as  the  best  type  of  wheel  for  all 
kinds  of  service. 

It  was  for  many  years  supposed  that  a  tram-car 
.  ould  not  stay  on  the  track  if  the  depth  of  the  flanges 
of  the  wheels  were  less  than  1}  inches  ;  and,  although 
a  slight  reduction  was  made  on  the  depth,  it  was  not 
"until  the  year  1857  that  it  was  discovered  that  a 
deptli  of  half  an  inch  was  sufficient  for  the  purpose. 
The  half-inch  flange  is  now  universally  employed.on 
tramways. 

The  brakes,  until  1858,  consisted  of  clogs  or  shoes 
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applied  to  tho  trends  of  the  wheels ;  but  when  the 
fiat  tram-rail,  or  step-rail,  came  into  use,  it'was  found 
that»  as  good  car-wheels  wear  off  \  inch  of  the  thick- 
ness at  the  circumference  before  being  '  used  up,'  the 
flange  became  half  an  inch  deeper,  and  was  made  to 
^  touch  bottom,'  when,  usually  at  the  end  of  three  or 
four  years,  the  rail  was  split  by  the  penetrating  action 
of  the  flange*  The  additional  rubbing  resistance,  at 
the  same  time,  arising  from  the  Motional  contact  of 
the  two  snr&ces  of  different  radii — ^the  tread  and  the 
flancre— amounted  to  from  30  to  50  per  cent,  of  the 
resistance  under  normal  conditions.  But  the  objec- 
tions of  unequal  wear,  were  met  bj  extending  the 
width  of  the  braJce-bloeks,  so  as  to  confine  and  take 
a  bearing  upon  the  flange  as  well  as  upon  .the  tread 
of  the  wheel.  The  flangfe  was  worn  down  at  the 
same  rate  as  the  tread,  tlie  life  of  the  wheel  was 
prolonged,  the  rail  was  saved  froni  mixture,  and  the 
additional  resistance  to  traction  was  prevented. 

The  hardest  kind  of  chilled  iron  is  the  best  mate- 
rial for  brake-blocks,  for  the  purpose  of  wearinpf  upon 
the  flanges  of  the  wheels.  But  it  is  not  the  best  for 
stopping  the  car,  for  it  does  not  'cling '  to  the  wheel 
80  well  as  softer  iron  does.  Still,  the  brakes  should 
have  a  sufficient  degree  of  pressure  applied  to  arrest 
the  turning  of  the  wheels. 

In  the  construction  of  Amt^rican  cars,  the  best 
American  white  oak  is  used  for  the  framework  of  the 
substructure,  and  the  best  white  ash  for  that  of  the 
bodj.  The  life  of  a  tram-car  in  America,  properly 
maintained,  is  from  25  to  80  years.  On  the. New 
York  and  Haarlem  Tramway,  cars  placed  there  in 
1857  are  still  running.   l£r.  Bancroft  states  that 
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the  wheels  last  for  about  80,000  miles,  and  the  axles 
for  from  200,000  to  i500,000  miles.  On  tramways  of 
from  4  to  8  miles  in  length,  with  gradients  yarjing 
up  to  1  in  25,  cars  taking  80  passengers  as  a  maxi- 
mum load,  are  drawn  usually  by  two  horses ;  in  very 
hot  weather,  a  third  horse  is  occasionally  attached  to 
assist  the  others  on  a  steep  incline. 

The  price  of  *  top-seat  *  cars  in  America  is  about 
11»000  dollars,  or  ;£229. 

Mr.  Martineau*  gives  the  following  table  of  the  ca- 
pacity the  and  weight  of  tramway  cars  and  waggons: — 

^VBIOHI  of  }''NGLIsn  AND  FORKIGN  CaRS,  CONSTRUCTSD  IllB 
bXARBUCK  OaB  and  WaOQON  UoiiPANY. 


Weight 


Gabs: — 

ewi.  qra. 

lbs. 

London  car,  to  flott  23  in  and  22  out 

•  • 

40 

0 

Iloylake       „        22     „     24  „ 

•  * 

40 

•» 
t> 

Birkenhead  „       22     „    24  „ 

•  • 

47 

I 

14 

Oporto         „       20     „    20  „ 

40 

'2 

0 

Middlesbro'  „       10     „    16  „ 

•  • 

34 

0 

0 

Naples,  open  car,  with  6  tnnsvexsd  00 

ftts,  to 

21 

1  20 

Naples,  car  to  seat  12  inside  only  (with 

20 

8 

14 

Xnplrs,  car  to  seat  10  inaide  only  . 

•  • 

;34 

0 

0 

]iru8sel8      „        16  „ 

•  * 

.34 

0 

0 

Middlesbro'  „       14  „ 

•  • 

24 

1 

0 

Sheffield     „       10  „ 

•  • 

20 

0 

0 

Leeds        „      18  „ 

•  • 

31 

0 

0 

Tramway  Goods  "VVagoons:  — 

20 

2 

11 

27 

1 

0 

32 

1 

0 

AVe.-— The  weights  above  jfiven  iuclude  wheels  and  axles. 


*  PriMedingi  of  tie  IndUution  ef  Civil  Engmetr%,  vol.  L, 
page  42. 
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From  this  statement^  it  appears  that  tke  weight 
varies  from  2^  tons  for  a  fall-sized  car  carrying  forty- 
six  passengers,  to  24-  cwt.  for  a  light  one-horse  car 
carrying  fourteen  inside.  Some  heavier  cars,  not 
mentioned  in  the  table,  ha?e  been  made  for  Russia, 
weighing  8  tons.  They  were  made  with  wronght- 
iron  nnderframing,  iron  panels,  and  elliptic  springs. 
The  bearing-springs  of  tram-cars  are  most  commonly 
made,  wholly  or  partly,  of  indiarabber;  but  it  had 
been  found  that  they  would  not  bear  the  extreme 
and  lasting  cold  of  a  Bussian  winter,  for  which  steel 
springs  are  indispensable.  Steel  springs,  in  con- 
nection with  screw-brakes,  which  are  preferred  by 
Russian  engineers,  make  the  Russian  car,  of  course, 
a  heavier  vehicle  than  Enf:;'lish  cars. 

Light  one-horse  cars  are  used  in  England — prin- 
cipally at  Sheffield,  Leeds,  and  Leicester.  They  are 
also  much  used  on  the  Continent— in  Naples,  Oporto, 
Antwerp  and  Brussels — and  it  appears  that  they  are 
extending  in  use,  and  are  replacing  the  two-horse 
car  with  roof-seats,  or  an  'imperial,'  as  the  upper  stage 
is  designated.  As  Mr.  Martineau  justly  observes, 
there  can  be  no  doubt  that  the  heavy  weight  of  roof- 
seats,  with  a  nambcv  of  people  on  them,  strains  the 
framework  of  a  car,  in  starting  and  stopping,  and 
that,  therefore,  cars  made  without  such  seats  last  the 
longest.  It  has  been  said  that  the  essence  of  a  tram- 
way is  to  kitep  up  a  continuous  flow  of  traffic,  so  that, 
if  possible,  a  car  should  always  be  in  sight;  and  the 
principle  of  continuity  of  serrice  may  often  be  more 
economically  maintained  by  means  of  one-horse  cars 
than  by  heavier  cars  with  two  horses. 

Taking  wide  averages,  it  may  be  stated  that 
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the  number  of  passengers  carried  per  mile  ran 
by  cars  is  seven.  The  signification  of  this  statistical 
item  is,  that  seven  passengers  are  taken  up  and  set 
down  per  mile  run  by  each  car.  Supposing  that  a 
car,  going  70  miles  in  a  day,  makes  four  stoppages 
per  mile-run,  for  passengers  and  interruptions,  it 
would  be  stopped  and  started  neiirly  three  hundred 
times  a  day.  When  it  is  reflected  that  a  2^-ton  car 
fully  loaded  with  passengers,  becomes  a  moving  mass 
equal  to  6  tons  in  weight ; — or,  half  loaded,  upwards 
of  4  tons ; — it  is  clear  that  the  duty  of  arresting  such 
a  heary  mass,  with  the  resumption  of  motion,  entails 
a  vastly  greater  internal  stress,  oomparatiToly,  than 
is  borne  by  ordinary  30-cwt.  omnibuses,  or  even  by 
railway  carriages.  Bailway  carriages,  themselves, 
strongly  framed  though  they  be,  shalce  loose  in  the 
framework.  The  elastic  oscillation  of  the  body  framing 
of  these  may  be  observed  at  the  doorways,  in  many 
instances,  when  a  train  is  started,  if  the  valve-gear- 
ing of  the  locomotive  be  not  equally  aoljusted  so  as 
to  generate  an  even  pull  on  the  train. 

But  there  is  the  patent  objection  to  the  smaller 
cars,  that  what  is  fictitiousl}'  called  the  '  dead  weight  * 
of  the  smaller  car  constitutes  a  larger  proportion  of 
the  gross  weight  with  passengers,  than  that  of  the 
larger  car.  It  was  seen,  for  example,  that  the  2^-ton 
car  can  carry  3^  tons  of  passengers  — '  paying  weight ' 
— whereas  the  24-cwt.  car  can  take  little  over  a  ton 
of  passengers.  Otherwise — 

Tlu?  2^ton  car  weighs  1      cwt.  per  passenger. 
The  24-cwt.      „       171      „  „ 

showing  that  the  lighter  car  has  57-^  per  cent,  more 
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weight  of  material  per  passeDger  than  the  heavier 
car.  There  is  a  certain  dc^ee  of  force  in  the  argu- 
ment thus  dediicible  in  favour  of  the  heavier  car. 
But  it  may  mislead.  Suppose,  on  the  contrary,  that 
the  heavier  car  conveyed  on  an  average  only  as  many 
passengers  as  the  lighter  car  with  its  load,  it  might 
with  an  equal  degree  of  plausibility  he  made  to  appear, 
that  the  lighter  car  would  be  much  the  more  econo- 
mical, since  there  would  be  a  gross  weight  of  \\  tons 
against  only  tons  for  the  lighter  car.  And,  a&rain, 
the  lighter  car  employs  only  one  horse,  whilst  the 
heavier  eiupluj  s  two. 


CHAPTER  n. 


IN8n>B  AND  OUTBIDS  PASSENaBS-OAE,  OOKBTEUOTBD  BT 
THB  METBOPOUTAN  BAILWAT  OABBIAGB  AND  WAOCION 
OOMPANT. 

Plate  VII. 

This  car  waa  oonstraeted  for  the  North  Dnblin  Street 
TramwajB.  It  Ib  suited  to  the  railway  and  tramway 
gauge  of  Ireland — 5  feet  3  inches.  It  seats  20  pas- 
sengers inside,  and  22  outside :  total,  42  passengers. 
The  weight  of  the  car  is  about  24-  tons,  equivalent  to 
1*19  cwt.  per  passenger.  The  weight  of  42  passen- 
gers is  3  tons ;  and  the  gross  weifj^ht,  fully  loaded,  is 
5^  tons.  The  body  of  tlie  car  is  15  feet  3  inches 
long,  and  G  feet  8  inches  wide,  outside  measurement. 
It  is  about  10  feet  1  inch  high  to  the  roof  seats,  and 
the  total  heiif lit  over  all  amounts  to  1 1  feet  3  inches. 
The  total  len<jrth  of  the  car  is  21  feet  3  inches,' in 
which  a  length  of  3  feet  is  allowed  at  each  end  for 
the  platform.  The  length  of  the  body,  inside,  is 
14  feet  7 J  inches,  which,  for  10  seats  on  each  side, 
provides  au  allowance  of  1 7^  inches  per  passenger. 
On  the  roof,  the  allowance  per  passenger  for  22,  or 
1 1  on  each  side,  amounts  to  about  10^  inches.  The 
wheels  are  placed  at  centres  6  feet  apart. 
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The  roof-Beats  are  approacbed  hj  a  spiral  stair* 
case  at  eacli  end.  The  inside  seats  are  staffed  with 
the  best  cnrled  horsehair,  and  covered  with  Utrechb 
▼el?et.  The  body  is  dosed  by  a  sliding  door  at  each 
end.  All  the  side  windows,  except  two  on  each  side, 
are  fixed ;  these  two  slide  downwards,  and  they  are 
fitted  in  the  slides  with  steadying  springs.  Sliding 
curtains  are  mounted  on  iron  rods.  Ventilation  is 
provided  by  means  of  small  hinged  windows  under 
the  outside  seats.  Two  lamps  are  fixed  within  the 
car. 

The  whole  of  tlie  framiiii^  is  of  well-seasoned  oak 
or  ash,  and  the  panels  are  of  mahogany,  ^  inch  thick. 
The  doors  are  of  ash.  The  roof  is  covered  on  the  out- 
side with  canvas,  rendered  thoroughly  watertight  with 
paint.  The  canvas  is  protected  by  boards  or  slats, 
forming  footpaths  for  outside  passengers. 

The  underframe  consists  of  two  side-soles,  3^  by 
3  inches,  two  eod-soles,  i\  inches  wide  and  3  inches 
deep,  rebated  for  the  floor-boards,  and  fonr  cross- 
bars, 3^  inches  wide,  and  2  inches  deep.  The  floor- 
ing-boards are  1  inch  thick,  let  flash  into  the  side- 
soles  and  end-soles.  The  comer-pillars  are  3}  inches 
by  4^  inches,  rounded  at  the  oater  angles.  There 
are  seven  intermediate  pillars  at  each  side,  between 
which  the  side-windows  are  framed.  The  apper  side- 
rails  are  2^  inches  square.  The  etid-rails  are  \  \  inches 
thick,  shaped  to  the  form  of  the  roof ;  and  there  are 
1(3  intermediate  roof-sticks,  1^  inches  square,  placed 
at  distances  of  11  inches  apart  between  centres. 
The  roof-boards  are  inch  thick,  and  the  flooring- 
boards  on  the  roof  are  %  inch  thick.  Each  platforuj 
is  carried  by  three  cuutiievers,  2j  inches  thick,  aud 


Digitized  by  Google 


284 


TRAMWAY  CARS. 


incheB  deep  at  the  middle,  bolted  to  the  under- 
flume  of  the  car. 

The  wheels  and  the  axies,  figs.  101, 102, 103,  are 
of  oast  steel.  The  wheels  are  80  inches  in  diameter, 
and  are  each  formed  with  six  spokes ;  one  of  them 
is  keyed  fast  on  the  axle,  and  the  other  is  loose 
and  revolves  independently;  it  is  formed  vrith  a 
nave  8  inches  in  length,  hollow  in  the  middle, 
making  a  receptacle  for  oil.    The  rim  is  2^  inches 


Flo.  101.  Dublin  Pusenger-Gar:— Wheels  aod  axle.  Scale,  ^. 

wide,  and  is  formed  with  a  flange  projecting  inch 
from  the  tread  of  the  wheel,  according  to  the  sec- 
tion, fig.  103.  The  axle  is  2^  inches  in  diameter 
between  the  wheels,  and  2f  inches  in  the  naves  of 
the  wheels.  The  journals  are  1}  inches  in  diameter, 
and  4}  inches  long.  They  are  formed  with  flat 
ends,  without  collars,  and  they  take  their  bear- 
ings endwise  against  steel  wearing-plates,  inserted 
in  the  axle-boxes.    The  diameter  of  the  tread  is 
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2  feet  (5  inches  next  the  flanp^e,  and  it  is  J  inch  less  at 
the  outer  edge,  making  a  slope  of  inch,  or  1  in  24, 
on  the  face  of  the  tread.  The  rim.  is  )  inch  thick  at 
the  outer  edge.  The  two  wheels  are  phioed  on  the  axle 
at  a  distance  of  5  feet  1^  inches  between  the  backs  of 
the  tyres,  which  is  1^  inches  less  than  the  gange  of 
the  rails;  so  that,  deducting  the  thickness  of  the 
two  flanges,  \  inch  remains  for  x^laj.  When  the 
wheels,  therefore,  stand  centrally  on  the  rails,  the 

flanges  are  just  j  inch  clear  of 
the  rail  at  each  side.  This  is 
an  important  point.  It  is  ne- 
cessary that  the  flanges  of  the 
wheels  should  not  touch  or  re- 
volve nf]^ainst  the  inner  led^^t^s 
of  the  rails ;  in  order  that  any 
binding  of  the  way,  and  in- 
creased resistance,  and  pro- 
bable alteration  of  gauge,  or 
derailment,  may  be  avoided. 
It  is  well,  therefore,  that  the 
clearance  between  the  flanges 
and  the  treads  of  the  rails 
should  be  limited  to  what  is 
just  requisite  for  free  circulation,  and  the  whole 
remaining  width  of  the  groove  given  to  the  inside. 
There  is  another  advantage  in  this  disposition  of  the 
wheels,  that  detritus  collected  in  the  groove  is  the  more 
easily  pushed  aside  by  the  action  of  the  flanges.  The 
length  of  the  axle  between  the  centres  of  the  jour- 
nals is  6  feet  4  inches,  being  13  inches  lart^er  than 
the  width  of  gauge.  The  overhang  of  inches  at 
each  end — or  5  inches  from  the  nave  of  the  wheel 


YiQ.  102.  Dublin  PMsenger 
Car :— Side  view  of  wheel. 
Scale.  ^ 
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— confers  the  advantage  of  some  degree  of  elasticity 

of  action,  as  between  the  rigid  bearing  of  the  wheel 
on  the  rail  and  the  bearing  of  the  axle-box. 

The  axle-boxes,  fig.  104,  are  of  American  pattern  ; 
they  are  excellently  constructed,  with  lubrication  by 
oil.  They  are  very  simple.  The  body  of  the  box  is 
cast  in  one  piece,  with  a  receptacle  in  the  lower  part 


Fia.  103.  Dablin  PaneDger  Car :— SeeUon  of  rim  of  wheel.  Scale, 

for  cotton -waste,  which  is  soaked  with  oil,  and  laps 
the  journal  below.  The  brass  or  gun -metal  bearings 
tig.  105,  is  formed  with  a  hollow  in  the  upper  side, 
as  a  receptacle  for  oil,  which  is  introduced  through 
a  hole  in  the  top  of  the  box,  and  is  admitted  upon 
the  journal  through  two  oil-holes  in  the  brass.  The 
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taws  bean  upon  the  joumal  for  all  its  length,  but 
is  restricted  to  a  narrow  width  of  contact,  about 

l,'^-  inches,  upon  the  journal:  being  five-eighths  of 
the  diameter.  The  horizontal  area  of  the  bearinsr- 
surface  on  one  journal  is  {\\  x  1,'^  =)  square 
inches,  upon  which  the  maximum  load  is  a  fourth  of, 
say,  5  tons,  or  2,800  pounds — equivalent  to  oOO  pounds 
on  the  square  inch  of  bearing-surface.   Again,  for 


Fto.  104.   Dti>)lin  Tmm-car:— Axl«-       Fio.  lO.').  DuMin  Tnmi-car:- 
box.   Scale,  |.  Sectiua  of  brass  beariug  in 

axle-box.  Scale,  |. 

the  horizontal  area  of  the  journal,  which  amounts 
to  (4^  X  li  =  )  3*^1  square  inches,  the  maximum  load 
is  equivalent  to  338  pounds  per  sqaare  inch.  These 
are  great  amounts  of  pressure  concentrated  on  a 
square  inch  of  surface.  They  maj  be  contrasted  with 
the  corresponding  distribution  of  pressure  on  the  azle- 
joumab    railway  rolling  stock ; — 

Tmrnrnmyeu  BaOway  itoak 

Ibn.  lbs. 

Load  per  square  inch  of  bearing  surface  .    600    ...  300 
Do.         do        of  horizontal  area 
ofjoumal   888  ...  834 

The  excess  of  pressure  in  tramway  cars  is  war- 
ranted by  the  limited  speed  of  tramway  traffic,  with 
the  frequency  of  stoppages.   But  there  is  another 
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feature  in  this  axle-box,  of  great  utility — the  grit- 
shield,  made  of  papier-mache,  which  embraces  the 
axle,  and  is  let  into  a  groove  formed  in  the  back  of  the 
axle-box.  The  shield  not  only  excludes  dust  and 
dirt  from  the  axle-box,  but  it  also  aids  in  preventing 
waste  of  oil. 

The  brass  is  free  to  slide  laterally  under  the  upper 
part  of  the  axle-box,  and  is  slightly  roundod  at  the 
BurfiiiOe  of  bearing  on  the  box.  The  needful  end- 
resistance  is  supplied  by  the  steel  bearing-plate,  al* 
ready  noticed,  let  into  and  sustained  in  yertical  giooTes 
in  the  fh>nt  part  of  the  box,  to  oppose  the  end  of  the 
journal,  and  limit  the  lateral  play  of  the  axle  in  the 
axle-boxes  to  an  allowance  of  f  or  ^  inch.  The  journal 
is  also  free  to  slide  laterally,  to  a  limited  extent, 
under  the  brass.  The  effect  of  all  this  freedom  of 
action  is,  that  the  liability  to  binding  or  heating  in 
the  axle-boxes  is  reduced  to  a  minimum,  whilst  the 
traction  of  the  car  is  fkcilitated. 

A  portion  of  the  front  of  the  axle-box  is  readily 
removable,  so  thiit  every  part  of  the  axle-box  may  be 
opened  to  inspection,  and  the  brass  withdrawn,  or 
the  stuffing  renewed.  The  axle-box,  us  a  whole,  may 
also  be  withdrawn  from  the  axle. 

The  axle-guards  are  of  cast-iron,  bolted  to  the 
side-soles.  They  are  formed  with  broad  bearing- 
snrfacfs,  to  snppcjrt  the  axle-box  lor  its  whole  length, 
from  front  to  back,  and  with  a  recess  at  each  side  of 
the  axle-box,  in  which  the  bearing-springs  are  lodged. 
The  springs  are  of  indiainibber,  two  to  each  axle-box; 
they  are  manufactured  by  the  North  British  Bubber 
Company.  They  are  barrel- shapt^d,  and  placed  ctn 
end,  each  of  them  between  two  dished  washers,  upon 


Digitized  by  Google 


INSIDE  AND  OUTSIDE  CAk, 


289 


the  lateral  extensions  of  a  wroogbt-iron  saddle, 
which  bestrides  the  axle-box.  The  side-soles  of  the 
car  take  a  bearing  apon  the  opper  ends  of  the 
springs. 

The  bearing-springs  ore  formed  of  a  special  com- 
pound of  indiarabber,  stiffer  than  pnre  mbber,  so  as 
to  dispense  with  the  aid  of  steel  as  an  anxiliarj. 
There  is  no  need  for  steel  in  combination  witii  rubber 
anywhere,  provided  that  a  sufficient  area  of  base  is  ob- 
tained for  the  rubber.  There  is  a  pair  of  indiarubber 
springs  over  each  axle-box,  which  are  about  7  inches 
hi^h,  when  unloaded,  and  4^  inches  in  diameter 
at  tlie  middle.  They  are  reduced  in  height  |-  inch 
by  compression  under  the  empty  car,  under  a  net 
weight  of,  say,  2  tons.  Divided  over  eig:ht  springs, 
the  compressiiij^  weight  per  spring  is  {  ton-  -whence 
it  is  deduced  tliat  the  springs  yield  at  the  rate  of 
(A  X  •!•  =  )  1  inclies  per  ton  on  each  spring,  in  the 
first  stages  of  compression.  Under  the  net  load  of 
5  tons,  the  load  per  spring  would  be  (5—8=)  |  ton, 
and  the  total  deflection  would  be  (\\  x  |=)  nearly 
1  inch  for  each  spring. 

The  brake,  on  the  system  known  as  Stephenson's, 
of  New  York,  is  worked  from  the  platform  at  each 
end  of  the  car.  A  block  of  cast-iron  is  applied  to 
each  whed.  The  blocks  are  hung  as  two  pairs, 
each  pair  on  a  transyerse  swing-beam,  applicable 
to  one  pair  of  wheels.  The  beams,  when  not  under 
pressure,  hang  free  of  the  wheels.  The  power  is 
applied  by  hand  by  turning  a  vertical  iron  shaft  or 
spindle,  on  which  a  chain  is  coiled.  The  chain  is  con- 
nected to  one  end  of  a  long  intermediate  transverse 
lever,  pivoted  under  the  centre  of  the  car,  from 
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which,  by  piilling-rods  pinned  to  it  near  the  centre, 
the  swinf^-beanis  and  brake-bloclcs  are  pulled  into 
contact  with  the  wheels.  The  actual  pressure  applied 
to  the  wheels  in  this  manner  may  be  calculated  from 
the  dimensions  of  the  brake-gear.  The  handle,  or 
crank,  has  a  radius  of  10  inches,  whilst  the  chain  is 
coiled  on  the  shaft  to  a  mean  radius  of  about  f  inch. 
Next,  the  chain  pulle  the  intermediate  lever  at  a 
radius  of  22^  inches,  measured  from  the  central 
pivot,  and  the  pnlling-rods  are  connected  at  a  radios 
of  4^  inches.  Applying  these  data,  the  piessnre 
applied  at  the  handle  is  multiplied  or  intensified 
72  times  when  it  is  transmitted  to  and  applied  to  the 
wheels :  calculated  thus,  in  terms  of  the  ratios :  

^■•to  •*  Inchca  Inches 

Handle  to  ehain  10  to  | 

Long  lever  to  short  lever  .  .        to  4^ 

Final  ratio  ....  226^  to  3^ 
or.  Leverage  of  the  power.      .  67  to  1 

Suppose  that  a  man  can  apply,  on  an  emergency, 
a  pressure  of  56  lbs.  to  a  crank-handle.  The 
statical  equivalent  of  this  pressure  at  the  handle  is 
(57x56  =  )  3,192  lbs.  at  the  tyres  of  the  wheels,  or 
1-42  tons.  This  is  the  breaking  force  that  may  be 
applied  to  the  wheels;  and,  supposing  that  the 
coefficient  of  trictioual  resistance  between  the  brake- 
blocks  and  the  wheels  is  the  same  as  that  between 
the  rails  and  the  wheels,  it  would  appear  that  the 
wheels  maj  not  be  skidded  bj  the  application  of  this 
brake,  even  when  the  car  is  empty,  when  the  weight 
is  ^  tons.  Of  course,  with  its  complement  of  weighty 
as  passengers,  adding  a  ton  and  a  hal(  and  making 
up  8  tons  gross,  it  is  still  less  practicable  to  skid  the 
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wheels,  unless  tlie  coefficient  of  friction  of  the  brake- 
blocks  is  considerablj  greater  than  that  upon  the 
rails.  In  pmctioey  the  wheels  can  be  skidded  bj  the 
Innike. 

Framework  of  such  slender  scantling  as  that  of 
,the  tramway  car,  with  a  contracted  wheel-ba8e»  great 
overhang,  and  seat-room  for  a  heavy  load  of  passen- 
gers, it  is  needful  to  stiffen  by  means  of  trass-rods. 
The  nnderframe  is  strengthened  by  a  trnssing  of 
iron  bars  applied  imder  the  seats,  with  tightenin<]^ 


Pio.  106.  Disc  car-wheel  and  axle.         Fio.  107.    Disc  car-Atbcel. 

Sealt,^.  Seetioncf  tyre.  Scale,  i. 

screws  at  the  ends,  under  the  side-soles ;  and  by  tie- 
bars  and  diagonal  rods  connecting  the  azle-gnards 
and  the  side-soles.  The  roo^  too,  being  of  the  form 
of  an  interrupted  arch,  to  make  a  support  for  the 
roof-seate,  requires  to  be  trussed;  and  in  order  to 
stiffian  the  roof,  a  segmental  truss-rod  is  applied  at 
each  side,  suspended  between  the  ends  of  the  body, 
and  clasped  to  the  roof-ribs. 
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The  price  of  this  car,  to  the  Irish  gauge,  is  £194, 
at  the  works ;  to  the  English  gauge,  the  price  of  the 
car,  of  equal  capacity,  is  i?192.  10«.  The  weight  in 
each  case  is  taken  at  2  J  tons. 

The  ordinary  solid  disc-wheels  and  axles  em- 
ployed bj  the  Metropolitan  Company  for  tram-cars, 
are  ahown  in  figs.  106,  107.  The  wheels  are  dished 
iowordlj,  with  stiffening  flanges  on  the  back ;  they 
are  30  inches  in  diameter.  The  naves  are  4^  inchns 
deep,  and  are  simply  driven  tightly  upon  the  axle, 
where  they  remain  without  the  aid  of  keys.  The 
dise  is  }  inch  thick  at  the  nave,  and  is  reduced  to  a 
thickness  of  |  inch  at  the  rim.  The  rim  is  2}  inches 
broad,  comprising  the  thickness  of  the  flange,  \  inch, 
and  the  width  of  the  tread,  2^  inches.  The  flange . 
projects  ^  inch  from  the  tread ;  the  axle  is  3  inches 
in  diameter  between  the  wheels,  2}  inches  in  the 
naves ;  and  the  journals  are  2  inches  in  diameter,  by 
5^  inches  long. 
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CHAPTER  III. 


INSIDE  PASSENGER-CAE,  CONSTRUCTED   BY  THE  STAE- 
BUCK  CAE  AND  WAGGON  COMPANT. 

Platb  vm. 

The  passenger-car,  to  hold  18  passengers  inside, 
illustrated  hy  Plat^  VITT.,  is  an  excellent  example  of 
its  kind.  The  body  ia  14feet  loDg,and  6  feet  7  inches 


Fio.  1 08.  Section  of  wheel-tTre  of  the  Starback  ear.  Sede^  ^. 

wide,  outside  measure.  The  clear  length  inside  is 
aboot  13  feet  3  inches,  which,  for  9  persons  on  each 
side,  contoiDB  an  allowance  of  17|  inches  for  each 
passenger.  This  allowance  is  liberal :  in  omniboseSy 
16  inches  only  is  allowed.  The  weight  of  the  car  is 
31  cwt ;  equivalent  to  1*72  cwt.  per  passenger.  The 
total  length  of  the  car,  o?er  the  platforms,  allowing 
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3  feet  for  each  platform,  is  20  feet ;  and  the  extreme 

height,  above  the  rails,  is  9  feet  3  inches.  The  g^uge 
of  the  rails  is  4  feet  8^  inches. 

The  wheels  are  2  feet  6  inches  in  diameter,  of  cast 
iron  chilled  at  the  tread  and  the  flange,  which  are  of 
the  section  shown  in  fig.  108  ;  the  axles  are  3  inches  in 
diameter,  and  are  of  best  scrap  iron.  They  are  placed 
at  a  distance  of  5  feet  6  inches  between  centres.  Tlie 
bearing-springs  are  of  indiarubber — two  blocks  to 
each  axle-bearing.  The  brake  is  of  the  same  design 
as  that  already  described  for  the  Dabliu  carj  but 
the  proportions  are  diffei-ent,  thos : — 

"R&tio  of  Inches  Inches 

Handle  to  cli!iin  9    to  1 

Long  lever  Ui  short  lever     .       .       .    24  to 

Final  ratio    .       .       .       .  210  to 
or,  Leverage  of  the  power  .      .   72   to  1 

For  a  pressure  of  56  lbs.  at  the  handlOy  the 
statical  equivalent  at  the  wheels  is  (72  x  56 
4,032  lbs.,  or  nearly  2  tons — a  considerable  greater 
pressure,  for  a  considerably  lighter  vehicle,  than  was 
found  for  the  Dublin  car.  In  short,  the  leverages  are 
respectively  as  follows : — 

Total  mlgbfe       Ijntntib         t«rerag«  |)er 
Ckr  baif-loiiled        cdmto  ton  nf  wci^^iit 

Metropolitan  .  4^  tons  ...  57  to  1  ...  13-4  to  1 
Starbuck  .      .8  ...   72  to  1    ...   24  to  1 

Such  variations  of  practice  point  to  the  greater 
strength  and  power  of  resistance  to  braking  stress 
of  the  solid-roofed  cars,  relative  to  cars  witli  inter- 
rupted roofil  and  top  loads. 
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CHAPTER  IV. 

RADIAL-AXLE    PASSENGER-CAR,   BY    MR.  JAMES 

CLEMINSON. 

For  tramways,  quite  as  much  as  for  railways,  the 
radiating  axle  is  necessary  for  faciUtating  the  pas- 
sage of  cars  on  curved  jwrtions  of  the  way,  and 
reducing  the  tractional  resistance.  Mr.  Cleminson's 
system  of  three  axles,  forming  a  self-adjusting  or 
*  flexible'  wheel-base,  complies  with  the  conditions 
of  the  problem  in  a  satis&ctory  manner.  The  axles, 
with  their  axle-boxes,  springpB,  and  goarda^  are 
monnted  in  independent  frames,  one  to  each  azlef» 
separate  from  the  main  nndexframe  of  the  carriage. 
The  end  frames  are  fitted  with  central  pivots,  on 
which  they  swivel  freelj,  whilst  the  middle  frame  is 
so  arranged  that  it  can  slide  transversely.  The 
three  frames  are  connected  together  bj  articulated 
radiating  gear,  so  that  thej  act  sympatheticaUj,  in 
sneh  a  manner  that  when  the  carriage  or  the  car, 
leaving  a  straight  portion  of  the  way,  passes  on  to 
a  curve,  the  end  axles  are  deflected  horizontally, 
forming  angles  with  the  central  axle,  and  taking  up 
radial  positions  coincident  with  the  radii  of  the  curve. 
By  means  of  such  self-acting  adjustment,  the  car  rolls 
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freely  round  the  curve.  When,  conversely,  the  car 
passes  from  the  curve  to  the  straight  line,  the  axles 


resume  their  parallelism,  and  the  car  rolls  on 
naturally  in  a  straight  line.    The  automatic  action 


I 
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arises  from  the  translation  of  the  middle  axle  and 
frame  transversely,  on  a  curve :  the  relative  lateral 


movement  of  the  middle  frame  is  communicated  to 
the  near  sides  of  the  end  frames,  causing  them  to 
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swivel  on  their  pivots,  and  to  turn  the  end  axles 
into  appropriate  radial  positions. 
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Mr.  Cleminson's  experience  with  his  system  of 
the  *  flexible  wheel-base '  has  hithefto  been  deriyed, 
for  the  most  part,  from  railway  rolling  stock.  Some 
first-class  carriages  constracted  on  this  system  by 
the  London,  Chatham^  and  Dover  Bailway  Company, 
fig.  109,  have  been  at  work  for  some  time.  One  of 
them,  it  is  reported,  after  IiaYiDg  ran  80,000  miles,  has 
not  shown  any  sensible  wear  of  the  wheel-flanges, 
whilst  the  flanges  of  ordinary  carriages  on  the  same 
line  are  worn  to  a  thin  edge  with  half  that  mileage. 
Several  railway  waggons,  fig.  110,  have  been  con- 
stracted on  the  same  principle.  The  system  lends 
itself  freely  to  the  extension  of  the  length  and  capa- 
city. The  waggon,  here  illustrated,  has  the  capacity 
of  two  ordinary  waggons  j  whilst  the  weight  is  20  per 
cent.  less. 

Mr.  Cleminson's  radial-axle  tram-car,  fig.  Ill,  is 
at  work  on  the  Dublin  and  other  tramways.  The 
wheels  are  placed  widely  apart  under  the  bndy  of  the 
car,  and  the  pitching  movement  incidental  to  the 
working  of  tram-cars  constructed  with  the  ordinary 
contracted  wheel-base,  is  extinguished.  This  car  seats 
18  passengers  inside,  and  22  ontside;  total  num- 
ber, 38.  The  weight  of  the  car  is  45  cwt.,  eqaivalent 
to  1*18  cwt.  per  passenger. 
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BEABINO  8PBIN0S. 

The  calculations  for  the  depression  of  side-springs, 
at  pa^ife  280,  are  but  roughly  approximate,  for  the  rate 
of  compression  or  deflection  of  such  springs  dimi- 
nishes as  the  load  is  increased.  For  instance,  for  the 
barrel-shaped  indiarubber  springs  manufactured  hy 
Messrs.  (4L'or<^e  Spencer  &  Co.,  for  tramway  cars — 
7  inches  high,  4^-  inches  in  diameter  at  the  middle, 
and  2J  inches  in  diameter  at  the  ends — the  deflec- 
tions, or  rednctioiis  of  height^  for  given  vertical  loads 
are  as  follows : — 


M£»BK8;  CiEOKUE  SpENCER  ft  Oo.'b  InDIABUBBER  SpRIKOS. 


Load 

'I'lital  licight 

Maximum  iluunctcr 

Deflectfon,  or  re* 

dnction  o(  height 

Tons 

0 

Inches 

7 

iBohci 

0 

I' 

1 

For  a  similar  spring,  of  the  same  manufacture, 
7  inches  high,  6^  inches  in  diameter  at  the  middle, 
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and  3|  inches  in  diameter  at  the  ends,  the  deflections 
were  as  follows : — 


Tom  Inches 

0  7 


The  deflections  in  the  last  columns  increased  less 
rapidly  than  the  loads,  insomuch  that  the  rates  of 
deflection  per  ton  of  load,  under  increasing  loads, 
were  as  follows : — 


Dedection  per  tou  of  kwd 

0 

J* 

iDflte 

ii 

^Defle^oa.^oi'^^ 

IlMSbW 

Inches 

0 

U 

^ 

Under  a  load  of  5^  tons  net,  eight  of  these  springs 
woold  have  each  to  support  ^  ton,  corresponding  to 
an  elasticity  measured  by  about  8  inches  per  ton  for 
the  first  spring,  and  about  2f  inches  per  ton  for  the 
second  spring.  These  deflections  are  much  greater 
than  those  of  the  North  British  Buhber  Company, 
page  289. 

It  appears  from  the  results  of  the  defleetions  of 
Mr.  Spencer's  springs  that  the  elasticity  under  a  load 
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of  2  tons  is  only  about  half  of  the  elasticity  under  a 
load  not  exceeding  half  a  ton.  Also  that  the  de- 
flection is  inversely  as  the  cube-root  of  the  quantity 
of  material  in  the  springs.  For,  the  diameters  of  the 
springs  are  respectively  4J  inches  and  inches,  of 
•  which  the  squares  are  as  2  to  d>  and  are  as  the 
quantitiefl  of  matter  in  the  springs.  Now,  the  de- 
flections tmder  2  tons  of  load,  are  1^  inches,  and 
If  inches,  and  :  -i^^:  :  ::  1-44  :  1*26,  or  as 
15  to  18.  That  is  to  saj,  the  cabe-roots  of  2  and  3 
inversely  are  as  1}  to  If. 

Further,  as  the  quantities  of  material  in  the 
springs — ^being  of  the  same  height — ere  as  the  squares 
of  the  diameters,  the  deflections  are  inversely  as 
the  cube-roots  of  the  squares  of  the  diameters,  or 
as  the  -f  power  of  the  diameter. 

The  quality  of  the  indiarubber  sprinjr,  whereby 
the  resistance  to  compression  increases  more  rapidly 
than  the  load,  is  in  ordinary  conditions  objectionable ; 
for  it  momentarily  intensifies  the  resisting  stress 
opposed  to  oscillations  of  the  car  fore  and  aft.  It 
contrasts  in  this  respect  disadvantageonsly  with  the 
ordinary  laminated  spring,  of  which  the  increase  of 
deflection  is  uniform  for  equal  additions  of  load.  But, 
under  the  actual  conditions  of  a  tram-car,  placed  on 
axles  which  are  near  together,  with  considerable  over- 
hanging masses  at  each  end,  the  increasing  rigidity 
of  the  springs  under  increasing  pressure,  has  u 
powerful  influence  to  check  the  fore-and-aft  oscil- 
lation of  the  oar,  and  to  reduce  the  extent  of  the 
oscillation. 

The  '  rubber-centre  spiral  springs,*  manuflMStured 
by  Messrs.  L.  Sterne  &  Co.,  ofSes  a  compromise 
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between  the  uniform  increase  and  the  accelerated 
increase  of  resistance  to  increase  of  load.  A  pair  of 
their  springs  of  the  C  pattern,  soitable  for  tramway 
stock,  is  deflected  1*47  inches  under  a  load  of  1*785 
tons,  equivalent  to  *86  inch  per  ton.  The  annexed 
table  of  deflections  and  loads,  based  on  the  results  of 
experiments  made  by  Mr.  Eirkaldy,  exemplify  the 
compromise  referred  to,  showing  that  the  increase 
of  rigidity  is  much  less  than  that  of  springs  made 
entirely  of  indiambber.  Each  spring  consists  of  a 
central  core  of  indiambber,  2  inches  in  diameiw, 
within  a  helical  steel  spring,  3  inches  in  diameter 
outside,  of  •-'^inch  round  steel,  made  in  complete 
coils,  to  a  length  of  8  inches : — 


Compresflloo 
or  defection 


Inobfli 

•46 

•81 

lie 

1-47 

1-  73 
1*89 

2-  04 


Load 


Total  defli-ction  ptr 

of  lOMl 


Tons 

•446 
•692 
1888 

1-  786 
2*232 

2-  078 
8124 


100 
•91 
•87 
•82 
•77 
•71 
•66 


It  may  be  remarked  that  though  the  stiffness  of 
the  Steme  spring  increases  less  rapidly  than  that  of 
the  Spencer  spring,  the  Steme  spring  is  on  the  whole 
much  stiffer  than  the  Spencer  spring. 
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CAR-WHEELS. 

Cabt-iboh  wheels,  chUled  at  the  periphery,  manu* 
ikctured  in  America,  are  used  for  tramway-cars.  A 
qualifcj  of  charcoal  iron  is  secured  which  admits  of 

crystallisation  and  chill  going  to  a  remarkable  dis- 
tance into  the  grain  of  the  iron,  and  a  careful  system 
of  iiniiealiiig  is  adopted  for  the  wheels  after  they  are 
cast.  Ou  tramways  in  London,  car-wheels  last  four- 
teen months,  performing,  say,  from  22,000  to  25,000 
miles-run.  They  weigh,  when  new,  about  214 
pounds,  and  they  lose  in  weight  from  14  to  16  pounds 
by  wear — chiefly  by  the  action  of  the  brake.  They 
fail  by  the  break ing-off  of  the  flanges. 

The  Handy  side- wheel,  fig.  112,  which  has  been 
successfully  employed  on  railway  rolling  stock,  is 
well  adapted  for  tramway  stock.  It  is  made  in  three 
parts — the  tyre,  the  nave,  or  boss,  and  a  pair  of  discs 
uniting  the  nave  and  the  tyre.  The  tyre  is  of  steel, 
or  of  chilled  cast-iron ;  the  nave  is  of  wrought-iron, 
or  of  steel,  with  four  radial  arms.  The  discs  are  of 
cast-steel,  and  are  dished  and  tamed  inwards  at  the 
inner  and  outer  circumferences.  When  put  together, 
the  edges  of  the  discs  embrace  the  tyre  and  the  nave 
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bj  oomsponding  flanges  or  lips,  whilst  at  the  middle, 

or  half-radios  of  the  discs,  they 
dose  upon,  bat  do  not  touch,  tiie 
ends  of  the  four  arms.  The 
discs  are  bolted  together  between 
two  ring- washers  at  the  bottom 
of  the  hollow,  equally  all  round 
the  nave;  and  as  they  do  not 
touch  each  other,  they  are  placed 
in  a  condition  of  elastic  tension, 
at  the  same  time  that  they  firmly 
hold  the  tyre  and  the  nav»;  in 
position.  The  wheel  has  been 
well  tested  on  the  Caledonian 
Hallway,  and  has  given  satisfac- 
tory evidence  of  its  iirmneBS  and 
durability. 

Mr.  C.  L.  Light  makes  a 
wheel}  consisting  of  a  cast-iron 
naye  and  disc  in  one  piece,  with 
a  steel  or  an  iron  tyre.  The 
disc  is  formed  with  oormgations, 
which  are  radial,  and,  at  the 
same  time,  have  a  lateral  twist 
in  the  plane  of  the  wheel,  by 
which  they  become  slightly  ser- 
Fw.  112.  The  Handy-  pentinc.   The  comigations  Uind 

upon  the  run  with  a  smuons 
contour,  and  so  afford  a  continuous,  though  sinuous, 
bearing  for  the  rim.  The  wheel  is,  by  its  form, 
elastic  and  yet  strong. 

X 
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Plate  IX. 


The  mfUer  ear,  designed  and  oonstnioted  bjr  M. 
L^n  Franoqy  for  the  tnianwajB  from  the  Ate  de 
Triomphe  to  the  Porte  Maillot,  accommodates  14 
passengers  inside,  and  7  standing  on  eaoh  platform ; 
total  number,  28.  The  weight  of  the  car,  empty,  is 
1*57  tons;  with  passengers,  3*86  tons. 


With  dimensions  so  spacions,  this  car  only  weighs 
1*12  cwt.  per  passenger,  or  about  4  per  cent,  more 
than  the  inside-and-ontsidecar,  described  at  page  283* 


Total  length,  extreme  .  .  • 
Length  of  the  body .  ,  ,  , 
Length  of  each  platform  . 

Length  inside  

Space  per  paasenger,  widdi      .  • 
Widths  tnuwreraely,  of  Mats  . 
Height  of  seats  .... 
Width  of 

Width  of  body,  outside  .      .  . 
Width  of  doors  .... 
Height  of  doors       .       .       .  . 
Maximum  height,  inbide  . 
Diametarof  wheds  (four) . 
Difltanee  apart  of  axlea,  between  centies 


10  0 
11 

3  7| 

11  &i 
1  7i 
1  6 

1  7i 

2  9^ 
6  7 

1  11^ 

5  11 

6  0^ 

2  4 
5  8 
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The  body  is  constructed  as  ordinary  coach- work, 
with  cross-bars  of  double  T  iron.  The  panels  and 
the  fences  of  the  platforms  are  of  sheet-iron, 
varnished.  The  springs  were  orif^^inally  constructed 
on  the  Belleville  system,  consisting  of  dished  steel 
plates,  piled  on  a  spindle;  but  they  have  been  re- 
placed by  ordinaxy  springs  of  indiarubber,  barrel- 
shaped,  like  those  already  described,  standing  8  inches 
high,  and  4  inches  in  diameter  at  the  middle.  The 
brake  is  on  Stephenson's  system,  applied  to  all  the 
wheels.  The  price  of  the  car  deliyered  was  £180. 

The  resistanoe  of  the  car  to  tractbn,  on  a  level, 
yaries  from  13  lbs.  to  22  lbs.  per  ton,  according  to 
the  state  of  the  way,  at  a  speed  of  7^  or  8  miles  per 
hoar. 

The  wmmer  car,  designed  by  M.  Francq,  has 

nearly  the  same  leading  dimensions  as  those  of  the 
winter  car,  and  accommodates  the  same  number  of 
passengers  inside  and  on  the  platforms.  The  sides 
and  the  ends  of  the  body  are  open  above  the  seats, 
but  they  are  provided  with  curtains.  The  weight  of 
the  car,  empty,  is  1*37  tons,  equivalent  to  1  cwt. 
per  passenger.  The  price  of  the  car  delivered  was 
£160. 

The  Compagnie  G^n^rale  des  Omnibus  use  large 
omniboses,  Plate  IX.,  for  inside  and  outside  passen* 
gers,  on  the  outer  boulevards,  on  the  line  between 
the  Etoile  and  La  Yillette.  There  are  seats  for 
20  passengers  inside,  and  22  ontside,  and  stand- 
ing room  on  the  platform  for  6  passengers;  in 
an,  48  passengers.  The  body  is  16  feet  5  indies 
long  ontside;  the  platform  at  the  back  projects  4  feet 
10  inches  beyond  the  body;  the  steps  project  7  inches 
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further  back ;  whilst  the  driver's  seat  iu  front  projects 
8  feet  in  advance. .  The  total  length  of  the  vehicle  is 
24  feet  10  inches.  The  width  of  seat-space  allowed 
in  the  interior  is  19  inches  per  passenger;  on  the 
roof  it  is  1 7|  inches.  The  width  of  the  body  is  6  feet 

7  inches  outside.  There  is  one  staircase,  at  the  end, 
leading  to  the  roof,  and  the  steps  off  the  platform  de- 
scend endwise.  The  bo  J}  of  the  car  is  supported  on 
transverse  framing  of  wood,  mounted  on  four  wheels, 

8  feet  3|  inches  in  diameter,  at  a  distance  apart  of 
7  feet  lOJ  inches.  The  wheels  on  one  side  of  the  car 
only  are  flanjOfed,  and  are  keyed  on  their  axles ;  those 
on  the  other  side  are  made  with  flat  tyres,  and  are 
loose  on  their  axles.  The  fore-wheels  only  are 
flanged;  those  on  the  other  side  are  made  with 
flat  tyres.  The  fore- wheels  run  in  a  movable  frame, 
to  which  trums  for  two  horses  are  attached,  and 
which  turns  on  a  perch-bolt,  and  admits  of  an  easy 
passage  on  curves.  The  car  rests  on  laminated 
springs,  having  a  span  of  39  inches.  A  brake,  which 
can  be  turned  by  the  driver,  may  be  applied  to  the 
hind-wheels  of  the  car.  The  cars  run  lightly,  and 
the  resistance  to  traction  is  much  loss  than  that  of 
ordinary  tram-cars.  The  weight  of  the  car  empty 
is  2-95  tons,  equivalent  to  1*23  cwt.  per  passenger. 
The  weight,  when  loaded,  is  from  6  to  6j-  tons. 
The  cost  of  the  car,  constructed  at  the  works  of  the 
company,  is  £260. 

The  cars  of  the  North  Company  are  only  seated 
for  inside  passengers ;  16  inside,  with  standing  room 
for  16  on  the  two  platforms ;  in  all,  82.  The  weight 
is  If  tons  empty,  equivalent  to  1  cwt.  per  passenger ; 
the  weight  loaded  is  from  4(  to  4|  tons. 
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The  can  of  the  South  Compaaj  are  seated  for 
16  inside,  12  on  the  platforms,  and  18  outside ;  in  all, 
46.  The  weight  is  2*20  tons  empty,  equivalent  to 
*96  cwt.  per  passenger ;  loaded,  the  weight  is  from 
5  to  5*20  tons. 

Each  car  is  worked  with  8, 10,  or  12  horses ;  each 
pair  making  a  journey  of  10  miles  per  day.  The 
cars  run  from  53  to  56  miles  per  day. 


CHAPTEE  Vni 


SADE'S  BEVEESIBLE  CAE. 

Eade's  car,  patented  in  1877,  has  recently  (October 
1877)  been  started  on  the  Salford  Tramways  by  the 
Manchester  Carriage  Company.  The  principal  object 
in  the  design  of  this  car  has  been  to  obriate  the 
necessity  for  unfastening  and  carrying  the  draw-bar 
and  pole  from  one  end  of  the  car  to  the  other  end, 
at  the  terminiiBi — a  datjr  which'  is  performed  by  a 
staff  of  men  known  as  pole-shifters.  The  body  of 
the  car  is  swivelled  centrally  on  the  nnderframe, 
and  can  be  tamed  round  whilst  the  horses  remain  in 
harness,  and  the  driver  retains  his  sdai^t.  The  body 
is  secured  in.  position  by  a  simple  locking  apparatas. 
There  is  but  one  entrance  to  the  car,  at  one  end,  and 
two  staircases  to  the  roof,  one  at  each  side  of  the 
entrance.  The  entrance  is  reached  by  three  steps, 
one  more  step  than  there  are  in  ordinary  cars,  as  the 
body  is  more  elevated  than  is  nsnal.  The  windows 
are  at  a  higher  level  than  is  usual,  and  they  are  con- 
sidered to  be  safer.  The  driver  occupies  an  elevated 
seat  in  front. 

The  body  is  seated  for  IG  inside  passengers, 
and  18  outside  passengers;  in  all,  34  passengers. 
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The  body  is  12  feet  long,  and  6 J  feet  wide,  outside 
measure.  It  is  1 1^  feet  long  inside,  giving  1 7\  inches 
per  seat.  The  seat-room  outside  is  12  feet  long, 
and,  for  18  passengers,  is  equivalent  to  16  inches 
per  passenger.  The  total  length,  from  the  front  of 
the  dash-board  to  the  end  of  the  staircase,  is  17  feet 
6  inches.  There  are  four  80-inch  wheels  to  the  car, 
constmcted  with  cast-iron  navOy  wood  spokes  and 
rim,  andaflanged  steel  tyre.  One  wheel  on  eachaade 
rons  loose,  and  it  is  said  that  the  traction  is  sensibly 
eased  by  the  additional  freedom  of  movement  thus 
secnred.  The  side-springs  are  ordinary  laminated 
steel  springs  as  used  in  omnibuses.  A  brake-block  is 
provided  for  each  wheel,  constracted  of  wood,  secored 
by  four  1-ineh  iron  bolts,  which  take  a  bearing  with 
the  wood  on  the  wheel.  This  construction  of  wood 
and  iron,  it  is  stated,  bites  more  keenly  than  either 
wood  or  iron  alone. 

The  weight  of  the  car,  empty,  is  34  cwt.,  equiva- 
lent, for  34  i)as8engers,  to  1  cwt.  per  passenger.  So 
low  a  ratio  as  this  has  not  been  attained  in  any 
other  English  car  of  the  same  capacity.  The  com- 
parative lightness  of  the  car  is  attained  by  employing 
framework  of  light  scantling,  wheels  of  wood,  and 
smaller  axles. 

It  is  reported  that  there  is,  by  the  use  of  the  re- 
versible car,  a  saving  of  over  30  per  cent  in  horse- 
power ;  inasmuch  as  the  car  can  be  worked  with  a 
stud  of  8  horses,  as  efficiently  as  the  ordinary  car  with 
'  12  horses.  Additional  cars  on  the  same  design  are 
being  constructed  for  the  service. 
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PAET  V. 

MSCHANICAL  POWER  ON  TRAMWAYS. 


OHAFTEB  I. 

HISTORICAL    SKETCH    OF    THE    APPLICATION    OP  ME- 
CHANICAL POWE&  ON  T&AMWATS. 

Laxza.— Obicb  k  Loire.— Tbaiv. 

The  first  application  of  steam  for  propelling  tram- 
way-cars, according  to  Mr.  Cramp,'  appears  to  have 
been  made  on  the  Cincinnati  Tramway,  in  1859,  by 
Mr.  A.  B.  Latta,  who  constructed  a  steam-car  in 
which,  it  is  said,  eighty  persons  had  been  con- 
veyed. The  second  application  was  made  by  Messrs. 
Grice  &  Long,  of  Philadelphia,  who  constructed  a 
long  car  on  two  four-wheel  trucks — one  under  each, 
end  of  the  car.  To  one  of  the  trucks  steam-power 
was  applied  bj  means  of  toothed  ge».  In  I860,  five 
or  six  steam-cars  were  in  use  in  the  United  States^ 
in  which  the  engine  and  boiler  were  placed  within 
the  car,  the  whole  being  carried  on  two  bogie  tracks.  - 
Mr.  G.  F.  Train,  in  1A60,  patented  a  steam-car,  on 

'  'Tramway  "Rollinfr  Stock,' by  Mr.  C.  C.  Cramp:  Tranaactiam 
of  the  Society  of  Enyineer»f  1874,  pa^^e  124. 
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a  Bissell-truck  at  one  end,  and  a  pair  of  wheels  at 
the  other  end,  driven  by  a  double- cylinder  steam- 
en  (^ine  witli  a  vertical  boiler,  with  intervening  spur- 
gearing. 


Mr.  Leonard  J.  Todd^  of  Leith^  it  appears,  was 
the  first  steam-looomotist  wlio,  in  1871,  designed  an 
engine  Ibr  tramways,  specially  adapted  for  passing 
throngh  oommon  roads  and  streets,  avoiding  noise, 
smoke,  and  steam,  and  possessing  great  fiidlities  for 
starting  and  for  stopping  quickly.  He  insisted  on  the 
advantage  of  accnmnlating  power,  for  which  purpose 
he  used  a  boiler  of  great  capacity,  holding  a  large  quan- 
tity of  water,  with  a  very  small  fire-grate.  *  In  the 
case  of  a  small  generator,'  he  says,^  '  the  only  reliable 
way  of  making  a  furnace-boiler  which  can  take  care 
of  itself  for  a  considerable  time  is  simply  to  give  it  a 
greater  water-capacity  and  water-area.  This  water, 
in  the  most  perfect  and  natural  manner  possible,  acts 
the  part  of  a  heat-accumulator,  as,  during  a  long  time, 
it  goes  on  storing  up  keat  within  itself,  and  but  very 
slowly  raising  the  pressure-gauge ;  and,  again,  during 
a  lengthened  period  it  gives  off  heat  from  its  store, 
while  yet  only  slowly  reducing  the  pressure  and  the 
water-level.  Now,  this  invaluable  action  of  water 
within  a  boiler  is  not  carried  to  any  great  extent  in 
ordinary  looomotiYes,  as  there  is,  in  them,  no  partico- 
lar  nse  for  it^  although,  on  undulating  lines,  it  is  well 
known  to  be  of  great  importance  that  a  boiler  shotild 
contain  a  large  amount  of  water.  Now,  locomotive 

*  Th§  EngkutTj  July  24^  1874;  iiage  60. 
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boilers  contain  5  cubic  feet  of  water,  and  3  square 
feet  of  water-area  for  each  square  foot  of  grate,  and 
never  require  attention  oftener  than,  nor,  indeed,  so 
often  as,  eveiy  ten  minutes.  It  is  evident^  then,  that 
if  we  give  six  times  as  much  water-capaeitj  and  water- 
area,  while  still  keeping^  the  same  size  of  grate,  as  fax 
as  safety  goes,  we  need  onljr  attend  to  the  boiler  once 
in  sizij,  instead  of  ten,  minutes.'  •  .  .  *The 
power  required  to  propel  a  fortj-fonr*seat  car,  in- 
cluding the  weight  of  the  propelling  mechanism,  with 
this  large  quantity  of  water,  will  not,  on  lerel  lines, 
exceed  ten  indicator  horse-power,  although  more  than 
this  will  be  required  to  work  heavy  roads.  Then, 
small  boilers  and  engines  will  give  ten  horse-power 
for  each  foot  of  grate ;  but  we  had  better  allow  the 
grate  of  the  car  boiler  to  contain  1 J  square  feet ;  and 
with  80  cubic  feet  of  water  and  18  square  feet  of 
water-area — both  six  times  the  ordinary  locomotive 
allowance — we  get  45  cubic  feet  as  the  water-capacity, 
and  27  square  feet  as  the  area  at  the  water-level.  The 
furnace  should  be  of  considerable  depth,  not  less  than 
2  feet  below  the  fire-doorway;  so  that,  before  com- 
mencing a  run,  it  could  be  filled  with  fuel,  and  then 
left  to  sink  down  as  it  burns  away.' 

Mr.  Todd  constructed  a  steam-locomotive  capable 
of  drawing  two  passenger-cars,  with  a  total  of  76  seats, 
for  the  Ihum  Yi4  de  Sautander,  shown  in  fig.  113. 
The  boiler  was  of  the  locomotive  form,  having 
8^  square  feet  of  area  of  grate,  and  160  square  feet 
of  heating  surface.  The  cylinders  were  6|  inches 
in  diameter,  with  a  stroke  of  9  inches,  and  made 
150  revolutions  of  the  crank-shaft  when  the  speed 
'  was  10  miles  per  hour.  The  driving  wheels  were  5  feet 
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.  6  inches  in  diameter,  formed  with  a  disc  of  wood. 
There  was  a  bogie-track  in  front,  having  21-inch 
wheels  at  3  feet  between  the  axles.  The  fixed  wheel- 
base,  between  the  driving-axle  and  the  centre  of  the 
truck,  was  5  feet  3  inches.  The  motion  of  the  crank- 
shaft was  communicated  to  the  driving-wheels  b}^  a 
pair  of  spur-wheels.  The  draft  of  air  to  the  furnace 
was  supplied  from  a  r2-inch  fan,  driven  by  the 
eithaust  steam  of  the  engine,  which  struck  the  buckets 


Flo.  lis.  Stflam-loeomotiT«»l)gr]|[r.  L.  J.Tbdd,  1871.  8ed«^  ^. 

of  a  bucket-wheel  on  the  axle  of  the  fan.  The  steam 
passed  thence  into  the  water  tank,  where  water  might 
be  deposited,  whilst  the  un condensed  steam  escaped 
into  the  chimney.  With  a  pressure  of  steam  in  the 
boiler  of  150  lbs.  per  square  inch,  the  engine  could 
exert  20  effective  horse-power.  The  weight  in  work- 
ing order  was  5  tons.  The  extreme  length  was 
14  feet  10  inches,  and  the  width  over  all  was  6  feet 
6  inches*  The  chimney  was  14  feet  5  inches  high 
above  the  rails,  to  clear  the  awning  above  the  cars. 
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Dr.  Emile  Lamm  experimented  for  some  time,  in 
1871y  ¥rith  an  ammoniaeal-gas  car,  figf.  114,  in  New 
Orleans.  He  placed  a  reaenroir  of  hot  water  on  the 
roof  of  the  car,  containing  an  interior  reservoir  of 
liquid  ammoniacal  gas,  produced  by  heating  sal- 
ammoniac  in  the  presence  of  a  hydrate  of  lime.  The 
gas  was  disengaged  under  the  influence  of  the  heat 
of  the  sun'ounding  water,  and  it  passed  to  the  cjlin- 


Fio.  114.  Amiiiosiae«l>gM  Oar,  by  Dr.  Lamai,  1871.  Seala*  about 

ders,  which  were  placed  vertically  at  the  end  of  the 
car,  and  were  connected  to  a  crank-shaft  below,  from 
a  chain-pnUej  on  which  revolring  motion  was  com- 
municated by  a  corresponding  pulley  to  one  of  the 
axles  of  the  car.  The  gas  was  exhausted  into  the 
reservoir  of  water,  where  it  was  condensed,  and  its 
heat  was  imparted  to  the  water.  This  process  of 
evolution  and  condensation  was  continued  until  the 
presBure  of  the  gas  in  the  interior  resmoir  became 
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insnificient  for  keeping  the  pistons  in  motion.  The 
greatest  foil  of  piessnre  in  the  gas-generator  during 
a  mn  of  seven  ndles^  did  not  exceed  10  Ihs.  per  sqnare 
inch.  When  the  water  heeame  saturated  with  gas,  it 
was  replaced,  and  the  gas  absorbed  con}d  be  extracted 
from  the  water  for  farther  service.  The  greatest 
difficulty  in  the  employment  of  ammoniacal  gas  is 
the  necessity  for  entirely  preventing  its  escape  into 
the  atmosphere,  to  obviate  the  offensive  smell,  and 
the  difficulty  of  respiration  caused  by  its  presence  in 
the  air.    This  objection,  together  with  that  of  the 


» »  >:  T  >  > 

^.IIS.  Hot-mtevLoeottotire,  by  Dr.  Lamm,  187*2.  Scale,  about ^ 

chemical  action  of  the  on  iron,  led  to  the  aban- 
donment of  the  system  of  propulsion  by  ammoniacal 
gas,  though  Dr.  Lamm's  car  was  at  work  for  some 
time. 

Dr.  Lamm  Bubeequently,  in  1872,  started  a  'fire- 
less  '  or  hot-water  locomotive — a  *  thermo-specific  en- 
gine '—on  the  line  of  tramway  between  New  Orleans 
and  Carrolton.  The  locomotive,  6g.  115,  consisted  of 

a  reservoir,  about  3  feet  in  diameter,  and  10  feet 
long,  on  four  wheels,  filled  with  water  heated  to  a 
high  temperature,  under  a  corresponding  high  pres- 
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sure.  When  the  regulator  was  opened,  the  pressure 
was  relieved,  and  steam  was  formed  spontaneously 
from  the  water  to  keep  up  the  supply,  accompanied  by 
a  gradual  fall  of  pressure.  The  cylinders  were  fixed 
vertically  to  the  fore-end  of  the  leserroir,  and  they 
worked  to  a  crank-shafb  below,  from  which  the  power 
was  transmitted  by  spur-gearing  to  the  nearest  axle. 
The  reservoir  contained  60  cabic  feet  of  heated  water. 
It  was  first  filled  with  cold  water,  after  which  a  con- 
nection was  made  with  the  steam-pipe  of  a  large 
stationary  boiler  at  Oarrolton,  under  a  pressure  of 
200  lbs.  per  square  inch.  The  cold  water  was  quickly 
heated  np,  and  raised  to  a  pressure  of  180  lbs.  per 
square  inch.  The  connection  was  then  uncoupled,  . 
and  the  hot-water  locomotive  was  ready  fbr  work* 
The  exhaust-steam  was  discharged  directly  into  the 
air,  making  clouds  of  moist  white  vapour.  It  was 
reported,  in  1875,  that  the  hot- water  locomotives 
were  in  constant  and  successful  operation.  The 
trdinway  is  about  six  miles  in  length.  From  the 
centre  to  the  outskirts  of  the  city,  the  cars  are  worked 
by  mules,  which  are  then  exchanged  for  the  engines. 
With  one  replenishment  of  the  reservoir  at  Carrolton, 
the  locomotive  can  make  the  double  journey  to  New 
Orleans  and  back,  and  have  a  pressure  remaining  of 
dO  lbs.  per  square  inch* 

By  observation  it  was  found  that  when  the  atmo- 
spheric temperature  fell  to  40^  F.,  the  temperature 
of  the  water,  though  it  was  160*  higher,  only  fell 
about  3°  F.  per  hour. 
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£▲81  New  Yokk  ass  Cakasxio. 

In  October  1873,  a  trial  of  a  hot-water  locomotive 
was  made  l)etween  Eaet  New  York  and  Oanartio,  a 
distance  of  miles.  The  reservoir  was  8  feet 
10  inches  in  diameter,  and  10  feet  long,  on  two  pairs 
of  80-inch  wheels,  conpled.  There  were  two  steam* 
cylinders,  8  inches  in  diameter,  with  a  stroke  of 
12  inches.  The  exlianst-steam  was  discharged  into 
two  condensers,  one  for  each  cylinder,  fitted  with  38 
condensing  tubes  %  inch  in  diameter,  and  air-pumps 
for  creating  a  partial  vacuum.  The  weight  of  the 
engine  was  4  tons  3  cwt. ;  that  of  the  car  which  waa 
drawn  by  it  was  7^  tons,  empty,  and  was  estimated 
at  12^  tons,  loaded  with  120  passengers.  The  loco- 
motive, with  the  car,  performed  the  run  of  3^  miles 
to  Canartio,  on  falling  gradients,  in  12f  minutes,  at 
the  rate  of  16^  miles  per  hour,  whilst  the  pressure  in 
the  reservoir  fell  from  180  lbs*  at  the  beginning  of 
the  trip,  to  108  lbs.  per  square  inch  at  the  end  of  the 
trip.  The  train  stopped  for  nine  minutes  at  Canartio, 
and  daring  this  time  the  pressure  fell  to  104  lbs. 
The  return  trip,  on  rising  gradients,  was  made  in 
17  minutes,  being  at  the  rate  of  12^  miles  per  hour, 
when  the  pressure  fell  to  45  lbs.  per  square  inch.  It 
is  stated  that  the  machinery  of  this  engine  was 
poorlj  designed  and  oonstmoted:  obviously  the 
condenser  was  quite  insufficient. 

A  few  months  later  another  hot-water  locomotive 
working  on  the  Canartio  line^  was  tested  by 
B.  H.  Buel  and  Mr.  H.  L.  Brevoort   The  resu|t8  of 
their  trials  were  recorded  in  a  report  written  by  Mr. 
Buel,  in  January  1874.*    The  reservoir  of  the  loco- 

1  Puhiiahed  in  Tht  Engineer,  Februar)'  20,  1874,  page  136. 
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motive  was  8  feet  1  inch  in  diameter  and  9  feet  long, 
having  a  steam-dome  12  inches  in  diameter  and  2  feet 
high.  The  eylindero  were  Tertieal,  b  inehes  in  dia- 
meter,  with  a  stroke  of  7  inches,  fitted  with  slide- 
valves  and  link-motion.  The  power  was  transmitted 
to  one  of  the  axles  hj  a  spnr  pinion  of  26  teeth  on 
the  crank-shafb,  gearing  into  a  wheel  of  46  teeth  on 
the  axle.  There  are  fonr  30-inch  wheels  on  two  axles. 
The  reservoir  was  covered  with  cement  and  felting, 
and  the  steam-cylinders  were  heavily  felted.  A 
2-inch  pipe,  perforated  with  small  lioles,  lay  along 
the  reservoir,  near  the  bottom,  for  nearly  the  whole 
length ;  and  steam  was  admitted  from  a  stationary 
boiler,  through  this  pipe,  for  the  purpose  of  heating 
the  water. 

The  reservoir  was  half  full  of  water  at  the  com- 
mencement of  the  trip,  of  4*40  miles,  and  the  pressure 
of  steam  was  142  lbs.  per  square  inch.  The  pressure 
of  the  steam  during  the  trip  was  as  follows : — 
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The  total  time  running  the  trip,  4-40  miles,  was 
49  minutes,  of  which  the  time  actually  running  was 
35^  minutes.  The  average  speed  whilst  running  was 
7*44  miles  per  hour.  The  average  speed  of  the  crank- 
shaft was  147*4  turns  per  minute,  giving  a  speed  of 
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piston  172  feet  per  minute.  Mr.  Buel  calculated, 
from  the  pressures  in  the  reservoir,  that  210  pounds 
of  water  was  evaporated  and  consumed  during  the 
trip^  being  at  the  rate  of  48  pounds  per  mile  nm. 
The  engine  was  worked  in  full  gear,  and  the  steam 
was  wire-drawn  by  the  regulator.  The  average 
initial  pressure  in  the  cylinder  was  found,  from 
indicator-diagrams,  to  be  23*52  lbs.  per  square  inch ; 
the  aTerage  terminal  pressure  was  19*86  lbs.;  the 
average  back  pressure  was  5*15  lbs.;  the  ayerage 
effectlYe  pressure  was  17*86  lbs.  per  square  indu 
The  indicator  power  was  8*61  horse-power.  Mr.  Buel 
estimates  that  the  quantity  of  steam  manifested  in 
the  cylinders,  according  to  the  indicator-diagrams, 
amounted  to  147*15  pounds,  or  70  per  cent,  of 
210  pounds,  the  calcultttod  quantity  evaporated.  The 
circumstances  under  which  the  steam  was  employed 
in  the  engine  were  obviously  unfavourable.  The 
steam  was  not  worked  expansively  to  any  degree  ; 
and  much  of  it  was  condensed  in  the  cylinders.  The 
speed  of  the  pistons  was  too  low,  and,  even  with  such 
low  speed,  the  back  pressure  on  the  pistons  amounted 
to  5*15  lbs.  per  square  inch,  or  22:^^  per  cent,  of  the 
positive  pressure  above  the  atmosphere. 


Bazxeb. 

In  1872,  Mr.  Baxter,  of  Newark,  U.S.,  brought 
out  a  steam-car,  fig.  116,  in  New  York.  It  was 
placed  on  four  80-inch  chilled  wheds,  at  7-feet 
centres,  driven  by  a  steam-engine  with  compound 
cylinders,  placed  together  under  the  floor.  The 

T 


Digitized  by  Google 


322      MECHANICAL  POWEJt,--HlSTORY. 


steam  was  supplied  from  a  vertioal  boiler,  26  inches 
in  diameter,  and  4^  feet  high.  It  is  stated  that 
this  steam-car  worked  well,  taking  52  passengers. 


Itob  lie.  StMOii-ear,  I17  Mr.  Buter,  1872.  Sealer  A' 


ascending  an  incline  of  1  in  13.  It  was  also  noise- 
less. 


Mr.  John  Grantham,  impressed  with  the  necessity 
for  substituting  steam-power  for  horse-power,  pa- 
tented a  system  of  steam-car  in  1871,  consisting  of 
an  ordinary  tramway-car,  in  which  the  propelling 
power  was  to  be  lodged  and  applied  at  the  middle  of 
the  length  of  the  car.  In  1872  he  had  a  steam- 
car,  fig.  117,  constructed;  of  which  the  car  proper 
was  made  at  the  Oldbury  Carriage  Works,  and  the 
engines  and  boilers  by  Messrs.  Merryweather  &  Sons, 
to  Mr.  Grantham's  design.  This  was  the  first  steam* 
car  for  tramways  constructed  in  England.  A  boiler- 
chamber  was  constructed  at  each  side  of  the  body,  to 
hold  two  upright  boilers,  leonng  a  central  passage 
free  for  cireiilation  in  and  out  at  eifhier  end  of  the 
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car,  or  from  end  to  end.  The  boflen  were  oonstmcted 
on  the  Field  system ;  with  pendent  water-tuheB,  having 
internal  cirenlating  tabes.  They  were  18  inches  in 
diameter,  and  4  feet  4  inches  high;  the  firegrate 

of  each  boiler  was  15  inches  in  diameter.  The 

machinery  was  placed  below  the  floor.  The  steam* 
cylinders  were  4  inches  in  diameter,  with  a  stroke 
of  10  inches,  and  were  connected  to  a  single  pair  of 
driviTi<^  wheels,  30  inches  in  diameter.  The  car  had 
four  wheels,  placed  at  10  feet  apart  between  the 
axles.   One  axle  was  for  driving  ^  the  other  axle  had 


Fio.  117.  Staaffl*ear,  by  Mr.  John  Grantham,  1872. 


one  wheel  loose,  on  a  sleeve,  so  that  the  wheels  oonld 
revolve  independently  of  each  other.  The  car,  over 
all,  was  80  feet  in  length ;  it  held  seats  for  44  pas- 
sengers— 20  inside,  and  24  outside.    The  weight, 

empty,  was  6^  tons.  Early  in  187'3,  the  steam-car 
was  put  to  work  experimentally  on  a  short  piece  of 
level  railway,  350  yards  long,  at  West  Brompton, 
where  it  worked  for  some  time  satisfactorily  enough 
with  steam  of  90  lbs.  pressure  : — traversing  the  line 
at  an  average  speed  of  11  miles  per  hour,  including 
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the  starting  and  the  stopping.  Bnt,  though  a  steam- 
car  may  do  well  on  a  railway,  it  may  fail  on  a  tram- 
way, on  which  the  resistance  is  much  the  greater. 
Thus  is  to  be  explained  the  failure  of  the  Grantham 
car  when  it  was  tried  in  November,  1873,  on  a 
portion  of  the  London  Tramways,  between  Victoria 
Station  and  Vauxhall  Bridge ;  possibly,  also,  as  T/w 
Engimer  remarked,  because  of  difficulties  in  firing, 
due  to  the  crowded  state  of  the  car. 

The  car  was  removed  to  the  Wantage  Tramway, 
where  it  was  put  to  work.  But  it  did  not  generate 
sufficient  steam  for  working  the  inclines  and  curves 
of  the  line,  which  ore  serere.  The  Wantage  Tramwaj 
is  two  miles  longi  the  steepest  gradient  is  1  in  47  for 
850  yaids,  and  its  qnidcest  enrre  has  a  radios  of  only 
75  feet.  The  insnfficient  performance  of  the  hoilers, 
and  the  danger  of  isolated  boilers,  unfitted  the  Gran- 
tham car,  as  first  constructed,  for  employment  on 
ordinary  tramways.  It  was  altered  under  the  adTice 
of  Mr.  Edward  Woods.  The  boilers  were  taken  out, 
and  a  single  large  vertical  boiler,  constmcted  by 
Messrs.  Shund,  Mason,  &  Co.,  with  numerous  small 
water-tubes,  laid  nearly  horizontally,  was  sub- 
stituted. This  new  boiler,  more  fully  described 
below,  like  the  old  boilers,  was  placed  in  the 
middle  of  the  car,  nearer  one  side  than  the  other, 
completely  boxed  off,  and  leaving  a  passage  or 
thoroughfare  towards  the  other  side  between  the 
first-class  and  second-class  ends  of  the  car.  New 
wheels  of  smaller  diameter,  24  inches,  were  substi- 
tuted for  the  original  wheels.  One  pair  of  the 
wheels  is  used  for  driving,  and  the  other  pair,  as 
before,  had  one  loose  wheel,  to  ease  the  passage  on 
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eiunres.  Tlie  car  is  driyen  from  either  end  bj  re- 
moTable  levers,  hy  means  of  which  the  driyer  pos- 
sesses entire  control  of  its  moyements.  It  is  '27  feet 
8  inches  long,  6  feet  6  inches  wide^  and  11  £»et  1  inch 
high.  The  net  weight  of  the  car,  empty,  is  6^  tons, 
and  with  a  sapplj  of  coke  and  water,  8  tons*  It. 
can  accommodate  60  passengers,  maiking  a  Imid  of, 
say,  5  tons,  and  a  gross  weight  of  13  tons  loaded. 

The  following  estimate  of  the  cost  of  working 
tramways  by  the  Grantham  steam-car,  is  based  on 
the  results  of  experience  on  the  Wantage  Tramway. 
It  is  assumed  that  a  mileage  amounting  to  26,260 
miles  is  run  during  the  year, — equivalent  to  72  miles 
per  da}',  although,  as  a  matter  of  fact,  the  daily 
mileage  run  on  the  Wantage  line  has  been  less  than 
40  miles. 

Wamusm  Tbaxwat. 
EiHnuiied  eed  €f  working  GrmUkmn*9  tUam^ar, 

1  cfl^guie-driTer  @  Z69.  per  week   *|  £    9,  4. 

1  stoker         @26t.„         ^80i.       206  0  0 

1  conductor      @  20ft.     „  J 

Fuel,  7  lbs.  of  coke  per  mile  for  26,260  miles* 

82  tons  (5;  15«  01  10  0 

Oil,  tallow,  wa£h,  and  sundries,  @  \d.  per  mile, 

for  26,260  miles   27   7  1 

Water  at  U  per  day  18   6  0 

Bepain  of  ear  and  machineiy,  at  IdL  per  mUe, 

for  26,260  milee   109  8  4 

Totalcoet  £424  10  5 

or  d'88dL  per  mfle-nm. 

The  next  steftm-car  constracted  on  Grantham's 
system,  fig,  118 — though  the  leading  speciality  of 

the  system  nearly  vanishes  in  the  car  last  con- 
structed— comprised  a  few  further  improvementSy 
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made  on  the  xecommendation  of  Mr.  Woods.  A 
four-wheel  bogie  was  substituted  for  the  independent 
wheels,  and  the  boiler  and  machinerj  were  placed  at 
one  end  of  the  car.  The  car  was  constructed  by  the 
Starbuck  Car  &  Waggon  Co.,  Birkenhead,  to  work 
on  the  Vienna  Tramways.  The  machinery  and  the 
boiler  were  supplied  by  Messrs.  Shand,  Mason,  &  Go. 
The  boiler  was  one  of  their  inclined  water>tabe 
boilers,  like  those  which  are  employed  by  them  in  the 
constraotion  of  fire-engines.  The  fire-box  is  tipright ; 
the  water-tubes,  which  are  of  small  diameter,  are 


IL 


mmmn 


J. 
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Fio.  118.  Gnmtham  Steam-car,  1876. 


arranged  in  layers,  slightly  inclined,  which  cross 
each  other,  one  above  another.  The  machinery  is 
below  the  platfonn,  and  the  water-tanks  are  placed 
under  the  seats  of  the  car.  The  cylinders  are  6  inches 
in  diameter,  with  a  stroke  of  9  inches ;  the  driving- 
wheels  are  2  feet  in  diameter ;  and  the  bogie-wheels 
are  20  inches,  placed  at  3  feet  between  the  centres 
of  the  axles.  The  distance  from  the  centre  of  the 
driving-axle  to  that  of  the  bogie  is  8  feet.  On  this 
working  base  of  8  feet,  there  is  a  total  length  of 
car  equal  to  28^  feet,  of  which  the  length  of  the 
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bodj  is  23^  feet,  comprising  14  feet  for  the  accom- 
modation of  24  passengers,  and  9^  feet  for  the 
boiler-room.  The  total  weight  is  about  7  tons  groeti, 
with  passengers,  of  which  there  are  3  tons  on  the 
driying-wheels,  and  4  tons  on  the  bogie.  The  price 
of  the  Bteam-car  is  j67$0. 

This  car  was  tried  on  the  Hoylake  and  Birkenhead 
Tramway,  on  May  11,  1876.  The  tramway  is 
2^  miles  long,  with  carves  <^  85  feet  radius,  and  a 
mazimam  gradient  of  1  in  19.  The  car  made  three 
complete  double  journeys,  or  a  total  running  of 
15  miles,  with  a  load  of  45  passengers.  The  working 
pressure  in  the  boiler  was  100  lbs.  per  square  inch. 
The  ordinarj'  speed,  whilst  running,  was  about 
10  miles  per  hour;  but  the  speed,  when  tested, 
occasionally  reached  double  that  rate.  The  car 
ascended  the  incline  1  in  19;  but  it  could  not 
have  started  on  the  incline  if  it  had  been  stopped 
on  it. 

A  trial  of  this  steam -car  was  made  on  reaching  its 
destination,  on  the  Vienna  Tramways,  over  a  piece 
2*40  miles  long,  between  the  Semmering  Tramway 
Station  and  the  Central  Cemetery,  on  July  28, 
1876.  The  distance  was  trayersed  in  15  minutes,  or 
at  the  rate  of  9^  miles  per  hour,  including  stoppages. 
The  steepest  gradient  was  1  in  48,  which  was  as- 
cended at  a  speed  of  14  miles  per  hour*  The  boiler, 
though  a  rapid  generator  of  steam,  is,  for  the  pur- 
pose of  a  tramway-motor,  too  limited  in  water-xoom; 
and  it  demands  skilled  management,  to  maintain 
the  pressure  free  from  violent  fluctuations.  The 
regidax  working  speed  is  from  10  to  12  miles  per 
hour. 


326       MECHANICAL  POWERS—HISTORY, 


In  Mr.  Woods*  latest  desicrn  of  the  Grantham 
steam-car,  the  distance  between  the  centres  of  the 
driving-axle  and  the  bogie  has  been  increased  to 
10  feet.   

Perkins. 

In  1874,  a  tramway  locomotive  was  constructed  on 
the  system  of  Mr.  Loftus  Perkins,  by  the  Yorkshire 
Engine  Companj,  for  the  Belgian  Street  Bailwaj 
Company,  BrasaelB.  It  was  worked  by  steam  of  a  pres- 
sure of  500  lbs.  per  sqnare  inch,  with  compound  cylin- 
dersy  of  which  the  first  cylinder  was  single-acting, 
2-^  inches  in  diameter,  and  the  second  <7]]nder  was 
doable-acting,  4|  inches  in  diameter.  Thence  the 
steam  was  exhausted  into  an  air-snr&ce  condenser, 
consisting  of  two  assemblages  of  Tertioal  l-inch  cop- 
per tabes,  one  on  each  side  of  the  engine,  presenting 
together  700  or  800  square  feet  of  heating  snHkce. 
The  steam  was  condensed  by  the  cooling  action  of 
the  atmospheric  air  which  circulated  about  the  out- 
side of  the  tubes.  The  upper  ends  of  the  tubes  were 
closed,  with  the  exception  of  a  small  aperture,  about 
-Jy  inch  in  diameter,  left  for  the  escape  of  possible 
vapour.  The  boiler  was  constructed  of  bent  iron  tubes, 
2J  inches  diameter  inside,  and  J  inch  thick ;  it  had 
been  proved  to  a  pressure  of  2,500  lbs.  on  the  sqnare 
inch,  or  1G7  atmospheres.  Coke  was  the  fuel  used, 
and  the  force  of  draft  was  simply  that  due  to  the 
height  of  the  chimney.  The  wheels  were  2  feet  in 
diameter;  the  axles  were  2^  inches  in  diameter, 
swelled  to  a  diameter  of  inches  at  the  middle. 
The  speed  of  the  crank-shaft  was  reduced  1^  toothed- 
wheel  gearing,  in  the  ratio  of  four  to  one;  and  the 
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motion  was  taken  off  the  second  shaft  to  the  wheels 
by  coupling-rods.  The  weight  of  the  locomotive  was 
only  4  tons,  in  working  order.  The  scantling  of  its 
parts  appears  generally  to  have  been  scarcely  suffi- 
cient. The  crank-shaft,  for  example,  was  onlj 
If  inches  in  diameter.  Mr.  Cramp  states,  that  in  a 
preliminary  trial  of  this  engine,  with  its  load,  in  the 
end  of  1874^  on  the  Manchester  and  Sheffield  E>ail- 
ifajy  a  speed  of  15  miles  per  hour  was  attained, 
on  gradients  of  from  1  in  200  to  1  in  80. 

The  engine  was  sent  to  BrasselSy  where  it  had 
the  dntj  of  drawing  a  one-horse  passenger-ear. 
M.  Yancamps,  director  of  the  Belgian  Street  Bail- 
ways,  writing  upon  the  resolts  of  trials  in  the  end 
of  1874^  stated  that  the  system  was  perfect :  *  In 
iiEust,  no  smoke,  no  escape  of  steam  into  the  atmo- 
sphere, no  noise,  no  feeding  of  water  during  the 
trip,  nor  even,  if  needful,  for  several  days.'  M.  Sp6e, 
writing  in  December  1875,'  did  not  form  quite  so 
favourable  an  estimate  ;  but  *  he  was  convinced  that 
this  motor,  slightly  modified,  would  answer  perfectly. 
It  would  be  necessary  to  employ  two  cylinders  at  least 
[probably  he  meant  two  systems  of  compound  cylin- 
ders]. The  pressure,  35  atmospheres,  in  consequence 
of  which  it  is  very  difficult  to  maintain  the  joints, 
would  not  appear  to  be  indispensable.  The  condenser,' 
he  added,  'does  not  act  efficiently,  for  the  outer 
ranges  of  tubes,  screening  the  others,  prevent  their 
heing  sufficiently  cooled.'  M.  Vaucamps  appears  to 
have  afterwards  adopted  similar  views,  for,  in  1875, 
he  adapted  two  systems  of  compound  cylinders  to 

*  '  BsBfMtatMm  i»  Ckmim  de  Fen  Am^ncaint  par  Traetitm 
Mkmufue,*  page  12. 
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the  engine,  with  a  mode  of  coupling  by  frictional 
gearing,  heavy  and  complicated,  for  moving  the  loco- 
motive either  way ;  this  gearing  gave  rise  to  violent 
shocks.  *  After  liaving  tried  this  coupling-gear  for 
some  time,'  says  M.  Spee,  '  M.  Vaucamps  resolved  to 
take  the  machine  to  pieces,  and  sell  it  as  old  metal.* 
Mr.  Perkins's  tramway  locomotive  is  illustrated 
in  Plate  XIII.,  according  to  the  designs  and  details 
recently  worked  out  by  himself.  This  engine  will 
be  aftOTwards  described. 


Soci£:i£  M£;TALLUB6Zai71. 

The  SociM  Mdtallaigiqiie  et  Oharbonni^,  Bel- 
giom,  according  to  M.  Sp^,  oonstraetedy  in  1875,  a 
locomotiTe  fitted  with  a  three-cylinder  engine  on 
Brotherhood's  system.  The  high  speed  of  the  engine 
was,  in  the  first  design,  reduced  by  means  of  an 
endless-screw  and  wheel,  with  a  view  to  tiie  preren- 
tion  of  noise.  Bat  this  gearing  broke  down  several 
times,  and  the  friction  and  the  wear  were  found 
to  be  so  considerable,  that  in  a  second  design  the 
reduction  of  speed  was  effected  by  means  of  spur- 
gear.  From  cranks  on  the  last  shaft  of  the  motion, 
the  wheels  were  turned  by  connecting-rods.  A  fly- 
wheel, also,  has  been  fixed  on  the  first  shaft  of  the 
engine,  for  the  purpose  of  preventing  the  noise 
of  the  ixearinj;.  The  locomotive  resembles  in  ex- 
ternal  appearance  an  omnibus ;  the  body  is  7  feet 
2  inches  long,  and  6  feet  8  inches  wide ;  the  total 
length  of  the  frame  is  11^  feet.  There  are  four 
wheels,  coupled,  of  which  the  axles  are  3  feet  7  inches 
apart  between  centres.  The  boiler  is  of  the  BeUeviUe 
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tjpe,  'inexplodable,*  oonsiBtiiig  of  water-tabes  ar- 
ranged for  rapid  eyaporation,  with  only  the  natnral 
draught  of  the  chimney.  It  is  fed  antomaticalljr  by  a 
donkey-engine.   The  steam  is  slightly  snperheated, 

and  is  exhausted  into  a  surface-condenser,  whence 
the  remaining  uncoudensed  steam  mixed  with  the 
air  is  discharged  into  the  chimney.  The  principle 
of  the  condenser  consists  in  the  division  of  the 
exhaust-steam  into  a  number  of  jets,  which  draw, 
each  by  a  conical  nozzle,  currents  of  air  to  condense 
the  steam.  The  locomotive  weighs  (>  tons,  and  it 
carries  a  supply  of  coke  and  water  for  4  or  5  miles. 
It  was  found  that  the  condensation  was  imperfectly 
effected  when  the  atmosphere  was  not  warm  or  diy, 
and  in  another  looomotive  of  the  same  Innd,  oon- 
stmcted  snbseqnentiyy  the  area  of  the  condensing 
snrfiuie  has  been  extended  to  five  times  that  of  the 
snrfhoe  in  the  first  engine.  To  fiusilitate  the  Inbrica- 
tion  of  the  cylinders,  they  are  placed  horizontally  on 
the  platform  near  the  conductor.  The  stoker,  who 
takes  his  place  within  the  covering,  attends  to  the 
lire  and  the  water. 

In  August  1875,  a  tramway -locomotive,  con- 
structed by  Mr.  A.  Kohl,  a  Danish  engineer,  was 
tried  in  Copenhagen,  on  the  tramway  worked  by  the 
American  Oomibns  Company.  It  weighed,  in  work- 
ing order,  npwaids  of  5  tons,  and  it  drew  two 
American  tramway-cars  filled  with  passengers. 


Smza  k  MxenrB. 

In  December  1875^  a  tramway-looomotiTe,  con- 
stmcted  by  Messrs.  Smith  &  Hygind,  of  Copenhagen, 
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was  put  to  work  on  the  tramways  of  Copenhagen, 
drawing  passenger-cars.  The  boiler,  according  to  M. 
Sp^y  was  of  the  locomotive  type,  and  compound  cylin- 
den  were  employed.  The  exhaust-^teun  was  condensed 
in  a  snrface-condenser,  holding  a  qnantitj  of  water 
sufficient  to  last  an  hour. 


Fa&iroQ. 

M.  L6on  Franoq,  in  1875^  patented  a  hot-water 
locomotiTe  containing  some  improTements  on  Dr. 
Lamm's  engine.  The  reservoir  is  3  feet  9  inches  in 
diameter,  and  abont  6  feet  8  inches  long ;  it  is  filled 
for  abont  three-fonrths  of  its  capadtj — 60  to  <K> 
cable  feet — ^with  water ;  which  is  put  in  communica- 
tion with  one  or  more  stationary  boilers,  from  which 
steam  is  admitted  through  a  perforated  pipe  into 
the  water.  The  steam  in  the  boilers  has  a  pressure 
of  156  lbs.  per  square  inch;  the  pressure  obtained 
in  the  reservoir  is  13.5  lbs.  per  square  inch.  If  the 
communication  were  continued  fur  a  sufficient  length 
of  time,  the  j^ressure  in  the  reservoir  would  become 
equal  to  that  in  the  boiler  ;  but  the  rate  of  absorp- 
tion of  heat  and  rise  of  pressure,  decreases  gradu- 
ally as  the  pressure  is  elevated,  and  for  economy  of 
time  it  is  found  expedient  to  arrest  the  process  of 
heating-np  at  a  lower  limit  of  pressure  and  tempera- 
ture than  that  in  the  boilers.  The  steam  from  the 
reservoir  is  admitted  to  an  intermediate  chamber^ 
where  it  is  maintained  at  a  fixed  pressure,  the  degree 
of  which  is  adjusted  by  means  of  a  throttle-valTe. 
There  is  a  pair  of  Tertical  cylinders,  about  6  inches 
in  diameter,  with  a  stroke  of  about  12  inches,  which 
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work  an  intermediate  crank-sliaft,  from  which  the 
four  wheels  are  driven  by  outside  coupling-rods. 
The  wheels  are  about  26  inches  in  diameter,  and  the 
two  axles  axe  at  a  distance  of  4  feet  6  inches  apart. 
By  a  system  of  double  frames,  the  passaj^e  over  curves 
is  facilitated.  The  locomotiTe  is  controlled  by  a  brake 
having  eight  blocks,  which  are  applied  to  the  wheels 
snocessively.  The  stopping  is  thns  effected  piomptlj 
and  without  shock.  The  exhanst-steam  is  delivered 
into  two  air-snrfaoe  condensers,  one  on  each  side  of 
the  car,  each  consisting  of  a  group  of  small  copper 
tuhes.  It  is  in  contemplation  to  apply  three  cylin- 
ders to  work  as  componnd  cylinders.  The  looomo- 
tive  is  heavy:  it  weighs,  empty,  6*50  tons;  fbll, 
8*80  tons. 

In  trials  of  this  engine  on  the  tramway  between 
Saint-Angustin  and  the  Boulevard  Bineau — a  dis- 
tance of  2 J  miles, — drawing  one  omnibus  of  2  tons 
weight,  with  eight  passengers — it  was  observf»d  tliat 
the  pressure  in  the  reservoir  fell  from  156  lbs.  per 
square  inch  to  50  lbs.,  during  the  double  trip  of 
5  miles.  For  the  first  ten  minutes  of  the  service, 
no  exhaust-steam  was  visible  from  the  enp:ine  ;  but, 
afterwards,  a  considerable  quantity  of  steam  escaped, 
and  proved  an  annoyance  to  the  passengers  who 
travelled  in  a  following  car  drawn  by  horses. 

In  the  most  recently  designed  engines  on  M. 
IVancq's  system,  constructed  by  M.  Cail,  the  wheels 
are  80  indies  in  diameter,  and  the  axles  are  4  feet 
8  inches  apart,  that  the  engine  may  pass  easily  orer 
corves  of  15  metres,  or  49  feet  radins.  The 
cylindrical  reservoir  is  of  steel  plate,  *56  inch  thick, 
and  is  1  *  metre  in  diameter  and  2  metres  long. 
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or  3*28  feet  by  6*50  feet.  The  authorised  limit 
of  pressure  is  213  lbs.  per  square  inch,  nearly 
15  atmospheres.  The  reservoir  is  coated  with  cork 
and  wood.  The  regulator  is  so  arranged  that  the 
driver  may  fix,  before  starting,  the  maximum  pres- 
sure of  the  steam  upon  the  pistons ;  and  that,  at 
the  same  time,  he  may  reduce  the  pressure  below 
the  maximum,  accoxding  to  the  requirements  of  the 
engine.  The  steam  is  exhausted  into  a  cast-iron 
box,  and  thenoe  into  a  condenser,  disposed  on  the 
snrfiice  of  the  reservoir,  before  escaping  into  the 
atmosphere. 

It  may  be  well  to  recite  the  advantages  formallj 
claimed- for  M.  IVoncq's  locomotiTe:  t»  The  pro- 
duction of  steam  at  a  low  cost^  in  a  fixed  boiler, 
using  coal  as  it  comes  from  the  mine.  2.  Bednction 
of  dead  weight,  since  no  fuel  is  conveyed  on  the 
engine.  3.  Employment  of  a  high  pressure  for 
ascending  inclines^  and  no  escape  of  steam  in  de- 
scending inclines.  4*  Bednction  of  the  number  of 
attendants,  a  single  man  being  able  to  conduct  the 
engine  and  keep  a  look  out. 


TOSD. 

Mr.  L.  J.  Todd,  early  in  1875,  constructed  a  hot- 
water  steam-car,  figs.  119, 120,  in  which  the  reservoirs 
and  the  machinery  were  placed  beneath  the  floor  of 
the  car.  There  are  two  reservoirs,  having  the  form 
of  boilers,  with  domes ;  each  reservoir  containing 
30  cubic  feet  of  heated  water,  or  a  total  of  60  cubic 
feet.   The  reservoirs  are  wdl  coated  with  non-con^ 
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ducting  material.  The  cylinders  are  9  inches  in 
diameter,  with  8  inches  of  stroke,  oonnected  direct  to 
one  pair  of  the  wheels.  There  are  two  pairs  of 
24-inch  wheels,  coupled,  for  adiiesion,  at  a  distaDce 
of  4  feet  6  inches  apart  between  the  axles.  The 
cylinders  are  surrounded  bj  large  jackets  open  to 
the  heated  water,  in  which  they  are  immersed ;  and 
are  thns  maintained  at  the  maximum  temperature  in 
the  reservoir.  By  this  means,  a  superior  action  of 
the  steam  in  the  cylinder  is  eflfeeted,  and  tiie  steam 


Fiai.  119, 120.  fiot'wan  r  St*  am  car,  lij  Mr.  Lb  J.  Todd,  1876. 

^alt).  about  ^. 


is  superheated  to  some  extent  before  it  is  exhausted. 
There  is  no  other  proTision  for  rendering  invisible 
the  exhaust-steam,  which  simply  emerges  at  the  end 
of  the  car,  under  the  roof.  The  body  of  the  car  is 
14  feet  long,  and  7  feet  wide  over  all ;  the  extreme 
length  over  the  buffers  is  22  feet  6  inches.  Two 
lines  of  seats  are  fixed  on  the  roof;  the  weight  of 
the  car,  in  working  order,  is  6i  tons. 
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Beds. 

MM.  BMe  &  Co.,  of  Belginniy  constructed  a 
hot-water  steam-ear,  in  1875>  to  the  directions  of 
the  Soci^  G^n^rale  de  Tramways.  The  xeserroirs 
consist  of  fonr  small  horizontal  cylinders  placed 
under  the  seats,  and  two  upright  cylinders  placed 
one  on  each  side  of  the  car,  enclosed,  and  leaving  a 
passage-way  within  the  car  between  tlie  first-class 
and  second-class  compartments.  The  steam,  dis- 
engaged in  the  upper  part  of  the  upright  cylinders, 
descends  in  a  pipe  through  the  hot  water,  to  the 
steam-cylinders.  There  are  three  steam-cylinders, 
4 J  inches  in  diameter,  with  a  stroke  of  14*2  inches, 
connected  to  a  triple-crank  axle,  with  28-inch  wheels. 
They  are  fitted  with  link-motions.  The  crank-axle 
is  placed  under  the  middle  of  the  car,  which  origi- 
nally had  two  other  axles  with  20-inch  wheels  which 
were  loose  on  the  axles.  One  of  the  pair  of  wheels 
was  removed,  and  the  wheels  of  the  other  pair  are 
fixed  on  the  axle.  Bat  the  wheels  are  not  coupled. 
The  reservoir  contains  50  cnhic  feet  of  water  heated 
to  865^  F.,  for  an  effective  air-pressnre  of  10  atmo- 
spheres or  162  lbs.  per  square  inch.  The  reserve  of 
heat  is  sufficient  to  last  50  minutes  at  the  ordinary 
speed  on  tramways,  with  a  load  of  1"60  tons.  The 
car  runs  with  facility  on  curves  of  40  feet  radius ; 
and  ascends  an  incline  of  1  in  28,  with  a  pressure  of 
41  atTn()a|»heres,  or  66  lbs.  per  square  inch.  The 
car  stops  and  starts  quickly  and  without  shock.  The 
exhaust-steam  is  discharged  into  a  chamber  so 
arranged  as  to  separate  water  from  the  steam,  and 
the  sound  of  the  escaping  steam  is  scarcelj  audible.^ 
•  These  psrtiettlan  are  IxiRowed  firom  M.  Sp^. 
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It  appears  from  recent  reports  that  this  engine 
has  worked  daily  with  regularity  and  success  in 
I^elgium.^  The  charging  of  the  reservoir  is  renewed 
every  two  hours,  and  is  done  in  a  quarter  of  an  hour. 
The  cylinders  constituting  the  reservoir  are  covered 
with  woven  glass  and  lagging.  A  tank  is  filled  with 
cold  water,  for  condensing  the  exhaust  steam  ;  there 
are  now,  it  is  said,  four  horizontal  steam-cylinders, 
two  at  each  end,  all  of  which  are  brought  into 
action  in.  ascending  the  steepest  incline  already 
noted.  The  speed  attained  is  ten  miles  per  hour, 
on  a  leveL  Suet  is  used  for  lubrication,  to  obviate 
the  odour  of  oil.  The  sockets  for  the  driving  and 
other  levers  are  in  duplicate,  one  set  at  each  end  of 
the  car.  The  engine  is  abont  (September  1877)  to 
undergo  a  few  alterations,  to  improve  the  arrange- 
ment of  the  machinerj. 


MbBEI  WRATH  KB. 

Messrs.  Merryweather  ft  Sons,  whose  long  and 
sucoessM  practice  in  the  oonstroction  of  steam 
fire-engines,  enabled  them  readily  to  appreciate 
the  special  requirements  of  light  locomotives  for 
the  service  of  tramways,  were  early  engaged  in  the 
design  and  manutlicture  of  i  ram  way-engines.  It  has 
already  been  noted  that  this  firm  constructed  the 
machinery  for  the  first  steam-car  made  for  tramways 
in  England,  in  1872,  to  the  designs  of  Mr.  Gnintliam. 
They  secured  their  first  patent  for  tramway-engines 
of  their  own  design  in  April  1875.  The  iirst  engines 

The  Fmtmm  Bngimet  and  Urmtghitmanf  September  1857, 
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on  this  system  constructed  by  them,  were  to  tlie 
order  of  Mr.  G.  P.  Hardhif^,  for  working  tlie  line  of 
tramway  in  Paris,  4^  miles  long,  between  the  Bastille 
and  the  Mont  Pamasse  railway  station.  The  first 
engine  was  started  about  the  month  of  Norember, 
1875,  and  there  are  now  (January  1878)  36  of  Messrs. 
Menyweather's  engines  regularly  at  work  on  that 
line.  There  are  also  10  of  their  engines  on  the  line 
from  the  Bastille  to  St.  Mand^.  Manj  improrementSy 
natniallyy  have  been  made  in  the  design  and  con- 
stmction  of  the  engines.  In  the  earliest  engines,  a 
portion  of  the  exhaast-^team  was  discharged  into 
the  ash-pan  and  passed  through  the  fire,  that  it 
might  be  superheated,  and,  mixing  with  the  re- 
maining poction,  discharged  direct  into  the  chimney, 
reduce  the  visibility  of  ^e  escaping  steam. 

In  their  more  recent  designs,  Messrs.  Merry- 
weather  dispose  of  the  exhaust-steam  by  means  of 
an  *  auto-absorbing'  apparatus — a  simple  arrange- 
ment in  which  the  steam  is  condensed  liy  cold  water. 
Their  locomotive  will  be  afterwards  fully  described 
according  to  the  latest  developments. 


Finally,  Mr.  Henry  Hughes  brought  out.  early  in 
1876,  a  tramway  locomotive.  *  The  result  of  my  ex- 
peri  ments,'  he  said,  on  his  examination  as  a  witness 
by  the  committee  on  Mechanical  Power  on  Tramways, 
'  is  that  I  hare  produced  an  engine  of  the  ordinary 
locomotiTe  type,  which  can  be  worked  withont  show- 
ing any  steam,  which  is  practicaUy  noiseless,  and  in 
which  we  can  keep  up  the  steam  withont  the  aid  of 
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a  blast ;  and  it  ahowB  na  BMoke  because  we  nse  coke 
a>s  a  fuel.  It  is  corered  in  similarly  to  an  ordinary  car, 
and  consequently  does  not  frighten  horses  more  than 
ordinary  cars  do.'  These  are,  concisely  stated,  the 
conditions  for  the  success  of  mechanical  power  on 
tramways.  The  means  for  condensing  the  exhaust- 
steam,  whicli  is  the  novel  feature  of  this  eii^^ine, 
was  patented  by  Mr.  Hughes,  in  January  1876. 
Each  blast  of  exhaust-steam  is,  by  an  automatic 
action,  condensed  as  it  issues  from  the  exhaust-pipey 
by  a  shower  of  cold  water,  let  off  in  regulated  quan- 
tities at  the  instant  of  the  exhaust.  The  exhaust- 
steam,  arriviDg  by  a  branch  from  the  exhaust-pipe, 
blows  open  a  valve  on  the  end  of  the  branch,  aiid 
escapes  into  a  small  chamber — the  eondenser.  By 
the  same  impulse,  another  Talve  in  the  bottom  of  a 
water-tank,  connected  with  the  ezhaast-Talye,  and 
moving  simnllaineonslj  with  it^  is  opened,  and  dis- 
charges water  into  the  condenser.  The  exhanst- 
steam  is  condensed  by  the  water,  a  partial  Tacaom 
is  formed  in  the  condenser,  and  the  water-valve  is 
consequently  closed  by  the  external  pressure.  The 
resulting  mixture,  consisting  of  hot  water,  is  dis- 
charged at  a  temperature  of  170°  F.,  into  a  receiv- 
ing tank.  Within  this  limit  of  temperature,  there  is 
not  much  visible  vapour  disengaged  from  the  dis- 
charged water.  When  the  temperature  is  allowed  to 
rise  above  180°,  a  good  deal  of  visible  vapour  escapes. 
The  supply  of  feed-water  for  the  boiler  is  drawn 
from  this  tank,  and  the  remainder  of  the  hot  water 
is  rejected  during  the  jonmej,  or  at  the  end  of  the 
trip.  It  is  stated  that,  on  a  level  line,  the  condens- 
ing water  is  conanmed  at  the  rate  of  from  25  to  30 
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^^allons  per  mile.  The  fire  is  made  up  at  the  begin- 
nin<^  of  the  trip,  and  is  not  touched  durintr  the 
passa<^e.  According  to  Mr.  Hughes,  a  fire  will  last 
for  a  ten-raile  run  without  requiring  fresh  stoking. 

The  first  public  trial  of  Mr.  Hughes'  tramway 
locomotive  was  made  on  the  Leicester  Tramways,  on 
March  27,  1876.  A  run  of  four  miles  was  made, 
a  portion  of  which  was  on  an  ascending  gradient 
of  1  in  22.  The  engine  had  two  6-inch  cylinders, 
having  a  stroke  of  12  inches,  connected  direct  to 
four  coupled  wheels,  2  feet  in  diameter^  on  a  wheel- 
base  of  4  feet.  The  boiler,  of  the  looomotiTe  type, 
had  120  square  feet  of  heating  surface.  The  whole 
of  the  hoiler  and  the  machineiy  was  enclosed  in  a 
wooden  stractnre  resembling  a  section  of  a  tramway- 
car;  the  wheels  and  the  side-rods  were  concealed  by 
sheet-iron  plates.  The  chimney  rose  through  the 
roof  of  the  car,  and  by  its  length  sufficed  for  the 
natural  draft  required  to  keep  up  the  steam,  which 
was  maintained  at  a  piessnre  of  about  120  lbs.  per 
square  inch.  The  furnace  was  supplied  with  a  suffi- 
cient quantity  of  fuel  to  last  the  journey.  The 
quantity  of  condensing  water  carried  amounted  to 
300  gallons,  which,  it  is  said,  would  suffice  for  a  trip 
of  six  miles  on  ascending  inclines,  in  cold  weather. 
The  weight  of  the  steam-car,  in  working  order,  was 
about  5  tons. 

The  locomotive  was  coupled  to  a  one-horse  car, 
constructed  to  carry  16  inside.  During  the  trial,  it 
carried  25  persons,  and  the  total  weight  of  the  car, 
with  its  load,  must  have  been  about  3i-  tons,  making 
the  gross  weight  of  the  train  about  8^  tons.  The 
speed  was  generally  about  8  miles  per  hour,  and 
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one  or  two  steep  incHiies  on  bridges  were  steadily 
surmounted,  at  a  lower  speed.  Daring  the  whole  of 
the  trip,  there  was  no  Tisible  escape  of  steam,  except 
on  one  occasion,  in  snrmoonting  a  steep  incline, 
when  a  little  steam  escaped,  which  qmcUj  dis- 
appeared.' 

The  same  engine,  according  to  Mr.  Hoghes,  was 
used  on  the  Leicester  line  every  day  for  some  weeks, 
on  passenger  traffic.  The  average  pace  was  six  miles 
per  honr. 

Mr.  Hughes'  engines  have  also  been  at  work 

experimentally  on  the  tramways  at  Edinburgh  and 
at  Sheffield,  and  on  the  Vale  of  Clyde  Tramways 
at  Glasgow.  The  traffic  of  this  line  is  worked  by 
stcam-puwer,  under  a  contract  with  Mr.  Hiig^lies, 
made  early  in  1877.  The  locomotives,  six  in  number, 
weigh,  empty,  4J  tons  ;  with  fuel  and  water,  6  tons. 
They  work  up  to  a  pressure  in  the  boiler  of  1 50  lbs. 
per  square  inch ;  but  the  average  pressure  is  from 
100  lbs.  to  120  lbs.  Erom  the  experience  already 
acquired  of  the  performance  of  these  engines  at 
Glasgow,  it  has  been  estimated  that  the  cost  for  work- 
ing 70  miles  per  day  per  engine,  for  fuel,  oil,  water, 
attendance,  and  driving,  amonnto  to  about  2*80<2.  per 
mile-ron. 


BiLDwnr  LoooMOHVB  Wobxb. 

Beverting  to  America,  a  steam-car  was  bnilt  at 

the  Baldwin  Locomotive  Works,  in  1875;  and  was 
experimentally  worked  on  the  Atlantic  Avenue  Bail- 

*  The  particulars  of  thi«  trip  ai«  derived  from  Tha  JEngmeetf 
March  31, 1876,  page  232. 
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way  (Tramway)  at  Biooldjii,  for  the  first  six  manths 
of  1876.  It  was  ran  and  kept  in  order  by  one  engineer 
during  that  timeyOonBoming  from  7  Ihe.to  8  lbs.  of  ooal 
per  mile  ran.  Night  and  mornings  it  drew  behind  it 

an  additional  car  with  passeno>ers  from  and  to  New 

York.  On  several  occasions,  a  speed  of  16  or  18  miles 
per  hour  was  attained  with  it.  In  June  1876,  the 
steam-car  was  removed  to  Philadelphia,  where  it  was 
worked  on  the  Market  Street  line  till  nearly  the  date 
of  closing  the  Centennial  Exhibition.  The  car  was 
constructed  with  steam-cylinders  under  the  body,  con- 
nected to  a  cranked-axle,  to  which  the  fore-wheels 
were  coupled.  The  hind-wheels  were  free.  The 
machinery  was  fixed  to  an  iron  bed-plate  bolted  to 
the  wooden  framing  of  the  car.  This  mode  of  con- 
struction was  found  to  be  objectionable,  as  the 
framing  was  not  strong  enoagh  for  the  poxpose. 
The  crank-azloy  also,  was  subject  to  occasional 
breakage. 

In  the  end  of  1876,  therefore,  the  steam-car  was 
removed  to  the  works  of  the  Baldwin  Company  to  be 
reconstracted.  An  iron  framework  was  made^  on 
which  an  upright  boiler  and  the  machinery  were 
fixed,  independent  of  the  body  of  the  car,  which  was 
bolted  down  to  it ;  and  outside  horizontal  cylinders 
were  employed.  In  this  way,  existing  car  stock  could 
be  utilised : — bolting  down  the  bodies  to  an  engine- 
frame  adaT)ted  to  receive  them  and  carrv  thein.  The 
throttle-valve  was  placed  close  to  the  cylinders — a 
good  idea — having  the  advantage  of  promptly  stop- 
ping and  starting  the  engine.  The  car  was  carried 
on  rubber  springs,  with  cross  equalising-beams ;  the 
motion  was  smooth,  iree  from  interference  by  the 
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action  of  the  machinery.  The  boiler  was  of  steel, 
double-riveted,  and  was  calculated  to  support  with 
safety  a  steam-pressure  of  300  lbs.  per  square  inch. 
But,  a  pressure  of  90  lbs.  was  sufficient  to  move  the 
loaded  car  over  the  steepest  inclines  on  the  Market 
Street  line,  which  are  about  1  in  22,  without  ever 
'  stalling '  or  requiring  assistance.  The  reoonstrueted 
steam-car,  which  was  named  the  *  Baldwin,'  was  re- 
placed on  the  Market  Street  Tramwaj-  on  March  21, 
1877 ;  it  worked  regularly  for  four  weeks,  to  April  18 : 
— ^running  88  miles  per  day,  seven  dcijs  in  the 
week. 

The  quantity  of  fuel,  coal,  consumed  by  the  steam- 
car,  amounted  to  4,950  pounds  in  seven  days,  running 
(7  X  88  =  )  616  miles  : — at  the  rate  of  8-03  j^ounds  per 
mile-run.  The  car  did  not  require  any  repair  during 
the  four  weeks'  run.  The  actual  daily  expenses,  with 
estimated  cost  for  maintenance  and  interest,  were  as 
follows : — 

BAiDwnr  Shak-Oabs. 


Coit  of  Running  one  Steam-Cktr  me  day. 


Fuel,  8d  miles,  at  8  Ibe.  per  mUe,  equal 

Dollan. 

1. 

d. 

to  704  lbs.,  @  4  dollars  per  ton . 

1-26 

or 

6 

8 

(Ml,  waete,  and  tallow  .      .      .  . 

•26 

1 

Wages  of  engineers,  16  boon  @  26  cents. 

4-00 

» 

16 

8 

Repair  and  maintenanca  of  car  and 

100 

n 

4 

•> 

Woildngooat. 

6-61 

u 

27 

^ 

Dafly  intanat  on  coat  of  itaamroar,  8|000 

doDany  or  68R.     6  per  cent,  per 

•40 

it 

2 

Total  cost  per  day  (4dL  pnrmllMnin) 

7-00 

n 

20 

2 
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The  Baldwin  Company  also  constructed  a  tram- 
way locomotive,  haying  boilers  and  cylinders  of  the 
same  capacity  as  those  of  the  steam-car,  on  an  iron 
frame ;  of  which,  with  water-tanks,  the  total  weight 
was  12,000 pounds,  or  5*36  tons.  The  whole  of  tiiese 
masses  were  carried  within  the  wheel-base,  so  pre- 
venting roddng  and  pitching.  A  locomotive  of  this 
class  was  constmcted  in  1876,  for  the  Citizens'  Bail- 
way  of  Baltimore,  of  which  the  maximum  gradients 
are  1  in  14*8.  It  was  capable  of  drawing  one  car  np 
the  incline,  but  it  had  not  sufficient  power  to  take  up 
two  cars.  A  second  engine,  weighing  about  7*2  tons, 
was  built  and  delivered  in  December  187(3.  Durin<r 
severe  snow-storms,  it  ascended  the  maximum  in- 
cline, drawing  one  car,  with  100  passen^^ers,  when 
the  tracks  were  covered  in  places  with  a  mixture  of 
snow  and  dirt  to  a  depth  of  8  or  10  inches.  It  could, 
without  difficulty,  draw  a  loaded  car,  for  taking  which, 
otherwise,  four  horses  were  required.  In  better 
weather,  the  locomotive  worked  regularly — ^taking 
two  cars  up  the  incline. 

The  following  is  a  statement,  for  comparison,  of 
the  cost  of  running  horse-cars,  based  on  the  reports 
of  various  tramway  companies  in  Philadelphia : — 

Hobbs-Oabs  nr  PmLASSLPHiA. 

Cimt  of  Hunmng  one  Two-Morae  Car  one  (kty, 

£     I.  d. 

First  cost  of  cue  car,  1,(XK)  diillar^,  or  .       .       .    258    6  8 
Ditto      9  borsea,  (3  140  dollars,  or  £2\)  a«.  4d.  262  10  0 


Digitized  by  GcQgle 


HANSOM'S  STEAM-CAR,  845 


Feed  and  stable  expenses  (feed,  stiaw,  bosliteis, 
BtaUs  IxMB,  medieines),  of  9  hones,  % 

46eentB.,orli.lldL  17  8 

Shoeing  of  9  hones,  @  6  cents.,  or  3//.  .        3  8 

Maintenanee  of  hainesD  of  9  hones,  %  2  cents., 

ox\d.  0  9 

Maintenance  of   0  horses,  ("  cent, 
per  year,  lor  depreciation,  e(|uivalent  per  day 

for  9  hones  to  4  9^ 

Msintenanoe  of  car  18 

Wages  of  driver  7  8^ 

Daily  inteiest  oncost  of  car  and  nine  horses,  % 
OfmemLfetjeKt  1  ^ 

Total  .      .      .      85  6| 

Compared  with  this  amount,  the  cost  of  nmniDg 
a  steam-car,  before  estimated  at  29tf«  2d,  per  day, 
shows  a  difference  of  ^,  ^d,  per  day,  or  18  per  cent., 
in  reduction  on  the  cost  for  horse  power. 


Kajnsom. 

Mr.  Iionis  Bansom's  steam-car  is  so  eonstnicted 
that  the  machinery  may  be  readily  adapted  to 
existing  cars.  A  doable-crBok  axle  with  driving- 
wheels  for  inside  cylinders,  is  snbstitnted  for  one 
pair  of  ordinary  wheels,  and  the  machinery  is  placed 
horizontally  under  the  floor.  The  two  cylinders  are 
cast  in  one  piece,  connected  to  the  driving  axle  by 
means  of  three  bars,  which  have  bearings  on  the  axle, 
and  form  the  framing  of  the  engine.  The  valve-gear 
consists  of  a  rocking  ex^jansion-link,  vibrating  on  a 
pivot  at  the  middle,  and  worked  by  two  eccentrics. 
The  valve-spindle  is  connected  to  the  expansion-link 
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by  a  radius-link,  which  is  shifted  vertically  for 
reversing  and  for  varying  the  degree  of  expansion. 
The  forward  end  of  the  engine-frame,  at  the  cylin- 
ders, is  supported  by  a  loop  pinned  to  the  bottom 
of  the  body.  By  this  arrangement,  the  engine  is 
suspended  on  three  points,  and  is  easily  removed  for 
the  purpose  of  repair.  Light  repairs  may  be  made 
by  merely  detaching  the  fore-end  of  the  firaune  from 
the  body,  and  letting  it  hang  frx>m  the  crank-axle* 
The  machinery  is  accessible  for  general  purposes 
through  trap-doors  in  the  floor.  It  is  enclosed  in  a 
casing  made  so  perfectly  dnst-tight  that  eren  after 
having  run  all  day  through  dusty  streets,  the  engine 
is  free  from  dust,  and  is  actually  covered  with  drops 
of  water,  being  the  slight  quantity  of  steam  con- 
densed which  escapes  from  the  stuliing-boxes.  The 
boiler  is  placed  a  little  forward  of  the  front  axle  ; 
The  water-tank  is  under  the  Hoor  at  the  rear  end. 
the  body— for  passengers — is  nearly  equally  divided 
forward  and  aft  of  the  hind  axle.  To  quell  the  noise 
of  the  exhanst-steam,  the  steam  is  passed  throuf^h  a 
muffler,  consisting  of  a  box  tilled  with  balls  or 
pebbles. 

The  body  of  the  car  is  16  feet  long,  having  seats 
for  22  passengers.  The  length  of  wheel-base  is 
7  feet — longer  than  what  is  customary,  but  the  car 
runs  by  so  mnch  the  more  steadily*  It  is  said  that 
there  is  less  teUr  in  passing  over,  rongh  or  nneven 
places  in  the  line,  although  the  resistance  on  enrves 
is  greater,  than  with  a  shorter  base.  The  e^linders 
are  5^  inches  in  diameter,  with  a  stroke  of  14  inches. 
The  boiler  is  upright,  3  feet  1  inch  in  diameter,  and 
4  feet  8  inches  high,  made  of  one  sheet  of  No.  1 
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cliarooal  hammered  iron;  it  contains  300  upright 
flne-tobes,  1^  inches  in  diameter,  and  12  inches 
long,  making  up  a  heating  Bni&ce  of  116  square 
feet,  for  a  grate-area  of  6i  sqiiare  feet.  Thepreesnre 
in  the  boiler  is  120  lbs.  per  square  inch;  the  testing 
pressnre  was  200  lbs.  The  steam-room  has  26  times 
the  capacitj  of  one  cylinder  of  the  engine.  The  car 
is  fitted  with  a  steam-brake,  having  a  cylinder 
8^  inches  in  diameter,  with  a  stroke  of  8  inches ; 
the  piston-rod  is  extended  with  a  rack,  gearing  into 
a  toothed  sector  linked  to  knnckle-jointed  levers,  bj 
which  the  brake-blocks  are  forced  against  the  inner 
edges  of  the  wheels.  The  steam-valve  for  the  brake 
is  thrown  open  by  the  same  movement  which  closes 
the  regulator. 

In  January  187G,  one  of  the  Ransom  steam-cars, 
constructed  by  Messrs.  Gilbert,  Bush,  k,  Co.,  Troy, 
N.T.,  was  placed  on  the  Coney  Island  Railroad, 
4J  miles  in  length,  where  it  ran  81  miles  per  day  for 
five  months.  The  double  trip  of  nine  miles  was  made 
in  40  minutes,  at  a  gross  average  speed  of  18^  miles 
per  hour.  After  each  double  trip,  the  steam-car  was 
at  rest  for  50  minutes. .  The  quantity  of  coal  con- 
sumed per  day,  as  fuel,  amounted  to  600  pounds  per 
day;  equivalent  to  7*4  pounds  per  mile-mn.  The 
total  cost  for  running  81  miles  per  day  was  estimated 
at  8*81  dollars,  or  34i.  7^  per  day — at  the  rate  of 
5*18  pence  per  mile-mn.  The  engine  was  sold,  and 
went  to  work  on  the  Onondaga  Valley  Boad,  Syra- 
cuse, N.Y. 

Six  Bansom  steam-cars  were  placed  on  the 

Market  Street  line,  Philadelphia,  on  March  21,  1877, 
to  work  on  the  Baring  Street  branch,  on  which  the 
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maximum  inclines  are  at  tlie  rate  of  1  in  22,  with 
many  cui-ves.  Though  seated  for  20  passen^^ers, 
these  cars  have  frequently  carried  50  passengers. 
Some  diffictilties  have  been  encountered  in  ranning 
these  steam-cars,  which  appear  to  have  been  scarcelj 
able  to  cope  with  the  gradic  Tits  and  curves  of  the 
Baring  Street  branch.  In  Mr.  Eansom's  opinion,  the 
engine  shooldhaTe  had  7-inch  cylinders  for  this  traffic. 
Besides,  the  ^peonliar  greasy  mod'  of  the  city 
causes  the  ordinary  chilled  cast-iron  driying-wheels 
to  slip,  a  defect  which  Mr.  Bansom  purposes  to 
remedy  by  the  substitation  of  tyres  of  steel  for  the 
driving-wheels.^ 

It  is  reported  (September  1877)  that  steam-cars 
are  about  to  be  established  for  regular  duty  on  the 
Third  Avenue  Tramway,  Brooklyn. 

*  The  aborro  partieiilan  of  tiie  perfoimmew  of  tin  Bsldwia 
steam-car  and  the  Ransom  steam-car,  are  drawn  from  the  reports 
of  the  Secretary  of  the  Franklin  Institute  upon  '  Steam  on  Street 
Railways,'  publislied  in  Th»  Journal  of  the  DrankUn  InttAuU, 
June  and  July,  1877. 
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SLBMXNTABT  DATA  FOft  MEOHAITIOAL  POWBB. 


Rbsistai^ce  to  Tractiok. 

Thb  first  and  leading  datum  which  rules  the  employ- 
ment of  mechanical  power,  is  the  resistance  to  tnu> 
tion  on  the  tramway.  On  a  railway,  the  resistance, 
nnder  the  most  &TOQrahle  conditions,  may  be  as  low 
as  6  lbs.  per  ton.'  But,  so  low  a  resistance  as 
6  lbs.  per  ton  is  not  to  be  hoped  for  on  tram- 
ways, which,  besides  the  difficulty  of  the  groove 
in  the  rail,  are  exposed  to  the  incidents  of  mud, 
stones,  and  dirt,  and  are  made  witli  many  and 
quick  curves.  On  a  straight  line  of  grooved  rails,  in 
fair  order,  the  frictional  resistance  of  a  tram-car  has 
been  found  by  Mr.  Henry  P.  Holt  to  vary  from  a 
minimum  of  15  lbs.  per  ton  of  the  gross  weight 
of  the  car,  upwards,  according  to  the  weather  and 
the  state  of  the  way,  to  more  than  40  lbs.  per 
ton : — ^indicatiTe,  certainly,  of  a  bad  order  of  con- 
ditions. Mr.  Henry  Hughes  deduced  from  some 
experiments  a  tractiTO  resistance  of  about  26  lbs. 

1  BaOway  Machinery,  by  D.  K.  CJarJc,  1666;  page  297. 
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per  ton  ;  often  much  more,  occasiunally  less.  So 
rt'sistaneea  as  these  are  readily  accounted  for, 
when  it  is  considered  that  the  flanges  of  the  wheels 
frequently  take  a  bearing  on  the  doors  of  the  gFOOves, 
or  on  the  dirt  imbedded  ihereixii  at  the  same  time 
that  the  wheels  roll  on  the  surface  of  the  rail ;  for 
thas  the  wheel  rolls  on  two  different  radii  simultar 
neonsljy  and  grinding  resistance  is  excited.  Again, 
whilst  the  wheel  at  one  end  of  an  axle  may  be 
rnnning  on  the  proper  bearing  snrfisu^  only,  the 
wheel  at  the  other  end  may  be  running  on  the 
flange,  causing  the  car  to  swenre  and  grind  lateraUy 
against  the  rails.  Again,  the  rails  may  be  out  of 
gauge,  or  out  of  level,  or  weak  and  springy.  Lastly, 
the  grooves  may  be  so  clogged  with  detritus  that  all 
the  wheels  may  be  running  on  tlieir  flanges  only  ; 
and,  besides  the  illegitimate  resistance  due  to  trac- 
tion on  a  mud  surface,  there  is  the  extra  resistance 
due  to  the  wedging  of  the  fian<,a's  in  the  dirt.  Car- 
drivers  know  the  value  of  a  clear  groove : — one  may 
tell  you  that  the  car  requires  a  horse  more  power  to 
draw  it  over  clogged  raib;  another  will  tell  you 
that  it  is  equivalent  to  some  hundredweights  more 
load,  or  a  ton  or  two  more,  according  to  the  clear- 
ness of  his  perceptions.  *  The  horse  would  be  the  best 
witness,  if  he  could  speak  his  mind,  but,  fiiiling  his 
▼erbal  evidence,  the  dynamometer  must  be  consulted. 

It  was  directly  proved  by  experiments  made  by 
M.  Tresca,  on  the  traotional  resistance  of  a  tramway 
car,  that  the  groove  in  the  rail  was  the  direct  cause 
of  a  large  portion  of  the  resistance  to  traction.  The 
car,  having  four  flanged  wheels,  with  its  load,  was 
drawn  over  a  portion  of  the  Paris  and  Versailles 
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Tramway,  laid  in  macadam,  when  the  tractional 
resistance  amounted  to  1-lOOtli  part  of  the  gross 
weight,  or  22*40  pounds  per  ton.  Subsequently,  two 
of  the  flanged  wheels,  botli  on  one  side  of  the  car, 
were  removed  and  replaced  by  flat-tyred  wheels,  by 
M.  Delonchaiit,  the  engineer  of  the  tnunway ;  and, 
in  July  1860,  M.  Tresca  repeated  the  experiment  with 
the  half-flanged  car:— 


The  length  of  line  traversed  was  a  third  of  a 
mile,  on  a  level ;  and  tlie  tractive  force,  at  a  uniform 
6i>eed  of  7^  miles  per  hour,  amounted  to  about 
86  lbs.,  equivalent  to  l-147th  part  of  the  gross 
weight,  or  to  15 J  lbs.  per  ton.  Thus,  the  removal 
of  two  flanges  was  accompanied  by  a  reduction 
of  the  tractive  residtance  by  one-third.  M.  Delon- 
chanty  encouraged  by  the  results  of  his  experience, 
removed  another  flanged  wheel,  running  the  can 
with  only  one  flanged  wheel,  and  three  flat»tyred 
wheels*  The  xesolt^-  according  to  M.  Goschler,  was 
that  the  resistance  was  reduced  a  half,  as  compared 
with  the  original  car  with  four  flanged  wheels.  In 
this  proportion,  the  tractional  resistance  must  have 
been  reduced  to  about  l-200th  part  of  the  gross 
weight,  or  to  about  11  lbs.  per  ton. 

The  VignoU's  rail,  employed  in  the  tramways  of 
Moscow,  incurs  a  half  less  resistance  to  traction  than 
the  ordinary  grooved  rail,  according  to  the  report  of 
the  engineer.  Colonel  de  byteuko.    The  compara- 


\\%M<r}it  uf  47  pas86Dgera,  ^  143  pounda 
AVeijjrlit  of  wheels  .... 
Weight  of  the  car  .       .       .       .  , 


Tons 
3CKJ 

0-41 
2-26 


Qtofls  weight 


6-67 
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tirelj  small  traetional  leBistanee  of  the  Yignoles  rail 
is  clearly  due  to  the  absence  of  a  narrow  grooTe, 
though  it  incurs  the  objection  of  breaking  the  oon- 
tinniiy  of  the  pavement. 

The  resistance  to  traction,  at  low  speeds,  in- 
creases, of  course,  with  the  speed,  thong^h  slowly.  On 
ordinary  railways,  uuder  ordinary  conditions  of  cur- 
vature and  of  maintenance,  the  resistance  of  engines 
and  trains  taken  together,  as  deduced  experimentally 
by  the  author,  may  be  taken  as  follows : — ^ 

12       per  ton,  at  s  speed  of  1  mile  per  hour 
18  IbB.       „        „       10  „ 
14  lbs.       „        „       16  „ 
15^  lbs.       „        „       SO  „ 

Here  it  appears  that  the  resistance  increases 
only  by  2^  lbs.  per  ton,  when  the  speed  is  raised 
•  £rom  10  miles  per  hour  to  20  miles  per  hour.  It 
may  be  assumed  that,  on  tramways,  the  speed  will 
not  exceed  15  miles,  even  when  mechanical  motiye 
power  is  employed,  and  within  such  a  limit  the  varia- 
tions of  tractive  force  with  the  speed  are  not  worth 
serioos  consideration.  » 

Considering  that  the  experiment  byH.  Tresca, 
from  which  a  resistance  of  22*4  lbs.  per  ton  was 
deduced,  was  made  on  a  line  of  tramway  laid  in 
macadam,  it  may  be  inferred  that  the  resistance  on  a 
straight  line  of  tramway,  made  with  grooved  rails, 
well  maintained  in  granite  pavement,  would  not, 
under  similar  conditions,  have  exceeded  20  lbs.  per 
ton. 

Mr.  Edward  Woods,  also,  estimated  the  resistance 
1  MaSdrn^  Maekmer^,  1866|  page  8ia 
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of  a  tram-car  on  a  level,  and,  it  is  presamed,  a 
straight  line,  at  20  lbs.  per  ton. 

In  view  of  the  foregoing  observations,  it  maj  be 
conolnded  that,  for  porposee  of  estimation,  the  re- 
sistance of  engines  and  ca»  on  grooved-iail  tram- 
ways, level,  straight,  and  well  maintained,  is  20  lbs. 
per  ton;  and  that,  on  a  line  in  average  condi- 
tion, with  corves,  it  may  occasionally  amonnt  to 
40  lbs.  per  ton.  An  average  of  30  lbs.  per  ton  may 
be  taken  as  a  datiuii  for  the  calculation  of  the 
ordmary  tractive  force  to  be  provided  for.  These 
data  coincide  with  the  conclusions  of  Messrs.  Merry- 
weather  &  Sons  from  their  experience  with  tramway 
locomotives  and  cars. 

The  force  required  to  start  a  tram-car,  to  get  up 
the  speed,  is  necessarily  greater  than  the  force  re- 
quired to  maintain  the  speed  uniformly.  It  is  a 
variable  quantity,  for  it  may  be  anything  that  horses 
may  choose  to  exert,  or  that  engine-drivers  may 
apply.  Mr.  John  Phillips  found  by  experiment  that 
in  starting  a  car  by  two  horses,  an  initial  tractive 
force  of  from  500  lbs.  to  000  lbs;  was  exerted  on  the 
car  s— equivalent,  for  a  gross  weight  of  5  tons,  to 
from  100  lbs.  to  120  lbs.  per  ton. 


Hmkaxioal  PBOPuunur. 

Mechanical  propulsion  on  tramways  has  been 
effected  by  means  of  steam,  and  by  means  of  com- 
pressed air,  worked  in  cylinders  connected  to  the 
axles  of  the  locomotive  machinery,  similarly  to  a 
locomotive  on  a  railway.  When  the  effective  mean 
pressure  in  the  cylinders,  of  which  there  are  usually 

A  A 


Digitized  by  GoQgle 


854      DATA  FOR  MECHANICAL  POWER, 


two,  is  known,  the  tractive  force  at  the  rails  is  leadily 
estimated  in  terms  of  that  foroe^and  the  dimensions 
of  the  machinery. 

Take  the  case,  nearly  qnivetsaV  of  two  cylinders 
connected  direcfclj  to  the  driving-wheeb  and  their 
axle.  The  pvessore  developed  in  the  pair  of  cylin* 
ders  is  thns  ezpveesed  by  the  eqnivalent  pxessnie  or 
tractive  force,  as  at  the  rails : — 

'  =  v-  '  ^  > 

Berersely,  the  efi^iTe  mean  pressure  on  the 
pistons,  equivalent  to  a  given  tractive  force  at  the 
rails,  is  expressed  by  the  formula — 

•  =    £1  (2) 

d  =  the  diameter  of  the  cylinders,  in  inches. 

L  =  the  lengtli  of  the  stroke,  in  inches. 

D  =  the  diameter  of  the  Urivin<>^-wheels,  in  inches. 
=  the  effective  mean  pressure  on  the  pistons,  in 
lbs.  per  square  inch, 

T  =  the  eqniyalent  tractive  force  at  the  rails,  in  lbs. 
That*  is  to  say: — to  find  the  Tractive  force — mnltiplj 
the  square  of  the  diameter  of  the  pistons,  in  inches,  by 
the  length  of  the  stroke*  in  inches,  and  by  the  effiectiTe 
mean  pressure  on  the  pistons,  in  pounds  per  sqnare 
inch;  and  divide  the  prodnct  by  the  diameter  of  the 
driving-wheels,  in  inches.  The  quotient  is  the  equi- 
valent force,  as  tractive  force,  at  the  rails,  in  pounds. 

To  find  iKe  ^eeUve  mean  Pr0Miir«.— Multiply  the 
diameter  of  the  driving-wheel,  in  inches,  by  the  total 
equivalent  tractive  force  at  the  rails,  in  pounds ;  and 
divide  the  product  by  the  square  of  the  diameter 
of  the  cylinders,  in  inches,  and  by  the  length  of 
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atroke^  in  inohes.  The  quotient  is  the  effective  mean 
preflsnre  in  lbs.  per  iqnare  indi. 

It  is  nndentood,  of  conne,  that  so  mnoh  of  the 
power  developed  in  the  ^^linders,  as  is  neoessaiy  to 
overcome  the  resistance  of  the  machinery  of  the 
engine,  is  intercepted  and  consumed  ;  and  that  only 
the  balance  of  the  power  is  available  for  tractioual 
action  at  the  rails,  and  there  exerted.  But,  for  the 
sake  of  reducing,  for  purposes  of  estimation,  all 
the  resistances  of  the  engine,  as  well  as  those  of  the 
car,  to  one  standard  for  measurement^  the  whole  of 
the  steam-power  in  the  cylinders,  as  measurable  by 
the  indicator,  in  rednced  to  an  equivalent  tractional 
force  at  the  raiL 
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cylinders,  non-condensing,  worked  by  ordinazy  Tahes 
and  link-motion,  is  given  in  the  annexed  taUe,  for 
TariouR  periods  of  admission,  of  from  10  per  cent,  to 
75  per  cent,  of  the  stroke^  and  for  mazimnm  i«e8* 
snres  in  the  cylinder  of  firom  60  lbs.  per  square  inch 
to  150  lbs.  per  square  inch.* 

The  proportion  of  the  adhesion-weight,  or  driving- 
weight,  of  the  entwine,  which  measures  the  force  of 
adhesion,  available  for  traction,  is  very  variable — 
from  one-fifth  in  dry  weather,  according  to  the  au- 
thor's experiments  on  the  adhesion  upon  railways, 
to  one-ninth  in  damp  weather,  when  the  rails  may 
be  slippery.  To  keep  within  the  limits  of  one-ninth, 
in  the  proportioning  of  engines  to  their  work,  ensures 
the  working  of  the  engine  in  all  states  of  the  weather; 
but  a  larger  firaction  may  wisely  be  assumed  for  the 
purposes  of  general  estimates,  particularly  as  the 
aid  of  dry  sand,  dropped  on  the  rails,  may  be  in- 
voked, when  necessary,  for  the  increase  of  the  adhe- 
sive force.  A  fraction  of  one-eighth  may  safely  be 
adopted. 

The  influence  of  gradients  on  the  resistance  to 
traction,  is  easily  calculated  by  multiplying  the  gross 
load  by  the  fraction  which  expresses  the  rate  of  in- 
clination. The  product  is  the  amount  by  which  the 
resistance  is  increased  in  ascending  a  given  gradient; 
or,  on  the  contrary,  reduced  in  descending  the  gra- 
dient. To  exemplify  tiie  effect  of  an  ascending  gra- 
dient in  increasing  the  resistance,  and  reducing  the 
available  gross  load,  take  such  gradients  as  are  equi- 
valent to  80  lbs.  per  ton,  and  its  multiples,  thus : — 

^  This  table  is  copied  from  the  author's  work  on  Bmlway 
Machinery f  1856;  page  116. 
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eradtont 

1  in  76  or  1'88  p«r  cent 

1  in  37  „  270  „ 
1  in  26  „  4  00  „ 
1  in  18^,,  5-40  „ 
1  in  16      6  66 

Taking,  as  before  adopted,  a  resistance  of  80  lbs. 
per  ton,  as  the  norma]  resistance  on  a  level,  the  re- 
sistance is  30  lbs.  more,  or  is  doubled,  for  an  liscend- 
ing  gradient  of  1  in  75 ;  and  the  gross  load  that  can 
be  drawn  up  the  incline^  bj  a  given  force  of  traction^ 
is  halved  i — 


On  a  level  the  available  groes  load  la  aa 

.  1 

On  ao  incline  itf  1  in  75,  it  ia  aa  • 

*  k 

„           lin37     „      .  . 

.  k 

„           1  in  25     „  . 

'  i 

n           linl8i    „      .  . 

.  i 

„         linl6    „     .  . 

As  the  tramway  engine  traverses  the  line  in  both 
directions,  the  work  done  on  each  section  of  the  line, 
whether  level  or  inclined,  may,  for  general  purposes, 
be  taken,  when  averaged  for  both  directions,  to  be 

the  same  as  the  work  done  uii  a  level ;  and  it  may 
be  assumed  that  the  average  period  of  admission  of 
the  steam  to  the  cylinder  is  50  per  cent,  or  half- 
stroke.  The  average  initial  pressure  in  the  cylinder 
may  therefore  be  assumed  as  that  due  to  the  effective 
mean  pressure,  that  is  equivalent  to  the  resistance  on 
a  level. 

From  the  foregoing  rules  and  data,  the  quantity 
of  steam  consumed  may  be  calculated  for  a  given 
distance— per  mile-run,  for  instance ;  and  thence^ — 
in  terms  of  the  relative  volume  of  steam, — the  quan- 
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tit  J  of  water  evaporated,  and  the  quantity  of  fuel 
to  be  consumed.  The  vohinie  of  steam  consumed 
for  a  stroke  of  one  piston  is  lialf  the  capacity  of  one 
cylinder;  and  there  are  four  halves,  or  two  cylin- 
ders, full  of  steam,  consumed  for  one  torn  of  the 
driving  axle;  or. 

Steam  consumed  per  turn  in  cubic  inches, 
8'7854<f*  X  L  X  2; 

- 1-5708 <Pl   (a) 

«{ 9-the  diameter  of  the  piston,  in  inches. 
L  s  the  length  of  the  stroke,  in  inches. 
D  =s  the  diameter  of  the  driving-wheel,  in  feet. 
B  s  the  Tolnme  of  steam  oonsomed,  in  cnhic  feet, 
per  mile. 

The  quantity  of  steam,  in  cubic  inches,  consumed 
per  mile  is  equal  to  the  quantity  (a),  multiplied  by 

the  numberof  tarn.  m«le  in  .  mile,or  1^  ^^^^^f  ' 

and  if  this  product  be  divided  by  1728,  the  quotient 
is  the  number  of  cubic  feet  consumed  per  mile.  But 
an  addition  is  to  be  made  for  the  usual  proportion  of 
steam  condensed  in  the  cylinder — 12  per  cent,  of  the 
indicated  quantity,  when  the  steam  is  cut  off  at  half- 
stroke  —  and  the  total  qaantii^  of  steam  aotoallj 
consumed  is  as  follows : — 

1-5708  J^L  X  5280  112. 
1728  X  3*1416  D  ^100'  ' 

^^121^  (3) 

that  is  to  say : — To  find  Hhe  a/wragt  vohume  of  tUam 

actually  cormimed  per  mile^  cut  off  at  an  average  of 
half  the  stroke — Multiply  the  square  of  the  diameter 
of  the  cylinder  in  inches  by  the  length  of  the  stroke 
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in  inches,  and  by  1'71  ;  and  divide  the  product  by 
the  diameter  of  the  driving-wheels  in  feet.  The 
quotient  is  the  average  volume  o£  steam  consumed 
per  mile. 

The  equivalent  quantity  of  water  required  to  be 
evaporated  to  form  the  steam  thus  calculated  is  found 
hj  dividing  the  volume  of  the  steam  by  its  relative 
volume ;  that  is,  its  volume  compared  with  that  of 
the  water  of  which  it  consists.   Thus : — 

»«_i21i!lL.   (4) 

D  X  rel.  voL 

w  =  the  average  v<dume  of  water  evaporated,  in  cubic 
feety  per  mile. 

To  express  the  volume  of  the  water  in  gallons, 

multiply  the  value  (4)  by  6*2355,  the  number  of  gal- 
lons in  a  cubic  foot  Thus 

„     1-71  X  6-2355  xd^h 

w=-  =  =  ;  or 

D  X  rel.  vol. 

D  X  rel.  vol. 

w  =  the  average  volume  of  water  evaporated,  in  gal- 
lons, per  mile. 

That  is  to  say : — To  find  the  average  volume  of  water 
as  steam  cmhsamrd  per  mile,  cut  off  at  an  average  of  half 
the  stroke — 1.  In  cubic  feet.  Multiply  the  square 
of  the  diameter  of  the  cylinders  in  inches,  by  the 
length  of  the  stroke  in  inches,  and  by  1*71 ;  and 
divide  the  product  by  the  diameter  of  the  driving- 
wheels  in  feet,  and  by  the  relative  volume  of  the 
steam.  The  qfuotient  is  the  volume  of  water  in  cubic 
ibet. 

2.  In  OALLONS.  Perform  the  same  calculation  as 
the  preceding,  except  that  the  multiplier  10*7  is  to 
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be  employed  instead  of  1'71.  The  quotient  is  the 
volume  in  gallons. 

To  facilitate  such  calculations,  particulars  of  the 
volume  and  density  of  saturated  steam  are  given  in 
the  following  table,  abstracted  from  the  author's 
larger  table.^ 


Vmaaxtf  YoLmOf  Am  BBunvB  Volvmi  of  Satubaud  Smx. 
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1  Seo  A  Manual  of  RuUi,  TabUi,  and  Data  fcr  Meehameai 
Engmeenf  1877  }  page  387. 
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BBmrr,  YoLuia,  Ac,  of  Satdraud  SmAX— oon^MiiMdL 
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When  the  oidituuy  eTaporative  paibnnaace  of 
the  fbel  used  in  the  hoUerk  known : — ^the  qnantitj  of 
water  evaporated  per  poond  of  fuel,  or  the  qnantitj 
of  fhel  required  to  evaporate  a  cubic  foot  of  water — 
the  avera^  quantity  of  fuel  consumed  per  mile  is 
easily  estimated,  from  the  quantity'  of  water  con- 
sumed. The  evaporative  performance  above  defined 
is  usually  expressed  in  terms  of  the  wei<^]it  of  water 
evaporated  per  pound  of  fuel.  The  vohime  of  water, 
taken  as  cold  water,  in  cubic  feet  per  mile,  may  be 
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multiplied  by  62^,  to  give  the  weight  of  water  in 
pounds  ;  or  the  volume,  if  expressed  in  gallons,  is  to 
be  multiplied  by  10,  to  give  the  weight  of  water  in 
pounds.  The  product  so  found  is  divided  by  the 
evaporative  ratio  of  the  fuel^  and  the  quotient  iB  the 
average  quantity  of  fuel  consumed  per  mile. 

To  exemplify  the  application  of  the  foregoing 
rules,  with  the  tables  and  the  deductions,  take  the 
looomotives  constrncted  bj  Mesm.  Menyweather  h 
Sons,  at  work  on  the  tramwajB  of  Paris  (Beseaa 
Sad).  The  ojUnden  are  6  inches  in  diameter,  with 
a  stroke  of  9  inches ;  the  driving-wheels  are  2  feet 
in  diameter.  The  weight  of  the  engine  in  full  work- 
ing condition  is  4  tons,  and  it  draws  a  loaded  car, 
say,  7  tons  in  weight.  The  gross  weight  to  be  drawn 
is  11  tons;  and  the  total  resistance,  on  the  level, 
at  a  uniform  speed,  at  the  rate  of  30  lbs.  per  ton,  is 
(11  X  30  =  )  3r,0  lbs.  at  the  rail.  To  find  the  equiva- 
lent pressure  on  the  pistons — the  effective  mean 
pressure,  i\  by  formula  (2) ; —  / 

D  T      24  X  330         ^  /    .  , 

1>=^  =  3g  ^     g=  24-4 lbs,  per  sqr;^  meh. 

Bj  the  table,  to  produce  an  effectiyei  mean  pres- 
sure of  24*4  lbs.  per  square  inch,  the  inii^aal  pressures 
fer  di£Ebrent  periods  of  admission,  or  cutHO&,  are  as 
follows : —  \ 

Jbr  a  Uniform  Bpmi,  \  ^ 

Ottttiiig  off  at  |th,  tiie  initial  prewuieiB  24-4  IIm.  x  8  -  72^.Um. 
Do.        ith  do.  24-4  lbs.  x  2^  =  Cllbtf. 

Do.       ifd  '         do.  24-41ba.x2  -481fa0. 

For  starting  the  train  on  the  level,  allow  four 
times  the  tractive  force,  or  four  times  the  effective 
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mean  pressure  required  for  a  uniform  speed — in  this 
case,  1,320  lbs.  traction,  or  98  lbs.  per  square  inch, 
in  the  cjlinden ;  then — 

Fvr  Starting  the  Trmiu 

Per 
square  inch 

Outting  off  at  I  the  initial  pressure  is  98  lbs.  x  ^  -  lOy  Ibe. 
Do.        I  do.  96Ib8.  X  |  •  123  IIm. 

If  the  premnze  in  the  boiln  be  120  lbs.  per  square 
inch,  it  is  sufficient  for  the  exertion  of  the  extreme 

tractive  forces  above  assumed. 

But,  suppose  that  the  rate  of  the  ruling  gradient 
of  tlie  tramway  amounts  to  1  in  25.  For  the  same 
tractional  force,  the  gross  load  that  can  be  taken  up 
the  line  is,  by  the  statement,  page  -^57,  reduced  to 
one-fourth.  To  take  up  the  same  load,  therefore,  as 
on  the  level,  the  effective  mean  pressure  in  the 
cylinder  should  be  four  times  as  much  as  on  the 
level,  so  that  four  times  the  tractive  force  may  be 
exerted.  That  is,  instead  of  an  eflPeotiYe  mean  pres- 
sure  of  2H  lbs.  per  square  inch,  there  must  be  98ib8. 
eflBbctive  preesuze,  being  the  same  as  was  assnmed 
for  startang  the  train  on  a  level.  For  the  exertion 
of  this  pressniey  it  has  already  been  shown,  that  the 
initial  pressure  in  the  cylinder  would  amount  to 
109  lbs.  per  square  inch,  supposing  that  the  steam 
were  admitted  for  three-fourths  of  the  stroke,  or  to 
122  lbs.  for  two-thirds  of  the  stroke. 

This  example  is  sufficient  to  illustrate  the  \vide- 
ness  of  the  range  of  power  that  may  be  exerted  by  a 
tramway  steam-locomotive. 

To  find,  by  formula  (4),  or  (5),page  359,  the  average 
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quantity  of  water  actually  consumed  as  steam  per 

mile,  supposing,  as  was  assumed,  that  the  average 

period  of  admission  is  half  the  stroke.    To  find,  in 

the  first  place,  the  relative  volume,  which  is  a  factor 

in  the  formula,  the  initial  pressure  in  the  cylinder  is 

to  be  determined.   For  an  effective  mean  pressure  of 

24^  lbs.  per  square  inch,  cutting  off  at  half-fitroke, 

the  initial  pressure  is,  by  the  table,  page  355, 

(24^  lbs.  X  f  s)  37  lbs.  per  square  inch  above  the 

atmosphere.    By  formnhi  (4)  or  (5),  page  359,  for 

which-  d  B  6,  L  ss  9,  D  ss  2,  and  the  relattTe  roliune 

of  steam  of  87  lbs.  effeetiTe  pressure,  is  500 : — 

1-71  X  6»  X  9  . .  .  ^ 

w  = — 2  X  500 — ^       cubic  feet ; 

10-7  X  6»  X  9  ^ 
or  ▼  « — 2  X  600 — gallons : 

the  average  quantity  of  water  consumed  per  mile. 

To  estimate,  now,  the  quantity  of  fuel — which  is 
coke — consumed  per  mile  by  Messrs.  Merryweather's 
engine,  it  may  be  assumed,  in  the  absence  of  positive 
data,  that  7  pounds  of  water  are  evaporated  per 
pound  of  coke.  Reducing,  then,  the  volume  of  water, 
•554  cubic  feet,  or  3*47  gallons,  to  pounds,  and 
dividing  the  weight  by  7 — 

34-35 

•554  X  62i  =  34*35 pounds;  and  — ^ — =s  5  lbs. 

34-70 

or  3-47  X  10  =  34*70 pounds i  and  — y— =  5  lbs. 

•—showing  a  consmnption  of  coke  at  the  rate  of 
5  ponnds  per  mile  ran  by  the  engine,  in  drawing  a 
gross  load  of  11  tons,  including  the  weight  of  tiie 

engine.  To  this,  of  course,  is  to  be  added  an  aUow- 
auce  for  getting  up  steam,  and  for  contingent  waste 
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of  steam  and  foel — say  10  per  cent:  mating  an 
addition  of  \  pound  of  coke  per  mile,  and  altogether 
5^  pounds  of  coke  consumed  per  mile. 

Thus,  bj  a  simple  process^  founded  on  general 
experimental  data,  the  exact  quantitj  of  coke  actually 
consumed  by  those  engines,  as  working  on  the  Paris 
tramways,  is  arrived  at.  They  consume  250  kilo- 
grammes, or  550  pounds  of  coke  for  100  miles  run ; 
which  is  equivalent  to  5^  lbs.  per  mile,  the  same  as 
has  just  been  calculated. 

The  foregoing  values  for  water  and  fuel  give  the 
following  data : — 

Average  CmmmpUan  per  Ten  Orost  per  MSeStm, 

^  pound  of  coke. 
8*6  pounds  of  water. 
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CHAPTER  m. 

HOT-WATSB  TRAXWAT-LOCOXOnyiS. 

A  BODY  of  water  heated  onder  pressure,  spontaneooslj 
generatee  and  diaeDgages  steam,  when  the  pressure 
is  permitted  to  ML  The  temperature  at  the  same 
time  falls,  according  to  the  decline  of  the  pressure  $ 
and  the  temperature  and  pressure  correspond  ezacti  j 
as  if  steam  were  generated  by  the  application  of  heat 
to  the  water  under  a  given  pressure. 

The  corresponding  pressures  and  temperatures 
may  be  ascertained  by  referring  to  a  table  of  the 
properties  of  saturated  steam,  and  the  quantity  of 
steam  that  may  be  spontaneously  generated  during 
the  fall  of  the  temperature  may  be  calculated  with 
exactness.  For  example,  suppose  a  pound  of  water, 
heated  to  the  temperature  445**  F.,  necessarily  under 
the  corresponding  total  pressure,  400  lbs.  per  square 
inch,  and  cooled  to  the  temperature  281°  F.,  coiie- 
sponding  to  the  total  pressure,  60  lbs.  per  squaie 
inch.*  The  quantify  of  heat  disengaged  is  measur- 
able by  the  iUl  of  temperature  (445''  -  281^  164% 
and  for  a  pound  of  water  the  loss  of  heat  is  104  units. 
The  heat  so  disengaged  is  available  for  eyaporating 

1  See  A  JdoHual  of  Jt»Ue$,  TabUi,  md  J)ata,  1677  i  page  387. 
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water— in  fact,  a  portion  of  the  heated  water  itself — 
into  steam.  !Now,  the  total  heats  of  the  two  steams 
are  as  follows:-* 

ToUl  beat  in  1  Uk 

Total  prwBare  Tanperaton      Uolli  (or  degrMS)  ferenoe 

400  lbs.       ...       446°       ...       1,240     ...  804° 
60  lbs.       ...      281°      ...      1,H»     ...  018° 

(Mean)  226  lbs.      ...       —       ...        —      ...  86p 

The  mean  difference,  or  excess  of  heat  in  the 

steam  above  the  sensible  heat,  is  861°,  or  861  units 
for  1  pound  of  steam  ;  and  as  the  quantity  of  heat 
disengaged  by  1  pound  of  water  in  falling  from  llo** 
to  281°  is  104  units,  there  are  required  (861^164  =  ) 
5*25  lbs.  of  the  heated  water  to  supply  heat  sufficient 
to  evaporate  1  pound  of  the  heated  water.    That  is 
to  sajy  out  of  5*25  pounds  of  heated  water,  1  pound 
is  evaporated  *  spontaneously.'    In  round  numbers, 
one-fifth  of  the  heated  water  is  evaporated  during  ' 
the  &U  of  temperature  from  445°  to  281°.    Bj  a 
similar  caJcolation,  it  is  found  that  the  proportional 
quantities  of  heated  water  evaporated  in  falling  to 
the  temperature  281%  and  total  pressure  50  lbs.  per 
square  inoh,  from  other  temperatures  and  pressures, 
are  as  foUows : — 


IMaintttalpnMn 

Initial 

0 

bb  poHitil  c(  mtai 

in  Uw.  per  ^(iiiare  ineih 

perature 

eTaporated  in 

400  lbs. 

... 

446° 

... 

6-26  lU.  of  heated  water 

360  „ 

... 

430° 

•  •  • 

6-82 

f» 

300  „ 

• 

418° 

• 

6-36 
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260  „ 

... 

401' 

•  •  • 

731 

it 

SCO  „ 

... 

ass* 

... 

8-74 
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ifio  „ 

... 

868> 

... 

11*00 
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100  „ 
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ass* 

... 
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It  may  be  said  that^  in  round  numbers,  a  fifth  of 
the  heated  water  is  evaporated  in  falling  from  a  total 
preBSure  of  400  lbs.  per  square  inch  to  60  lbs.  per 
square  indi,  and  that  a  ninth  is  evaporated  in  felling 
from  200  lbs.  to  60  lbs.  per  square  inch. 

Withont  going  further,  it  is  obvious  that  between 
the  limits  of  400  lbs.  and  200  lbs.  initial  pressure  in 
the  reservoir,  worked  down  to  60  lbs.,  a  quantity  of 
water,  in  round  numbers,  from  five  to  nine  times  the 
quantity  of  water  that  can  be  converted  into  steam, 
must  be  constantly  carried  on  the  engine  : — a  tax 
by  which  engines  constructed  on  this  principle — the 
principle  of  spontaneous  evaporation — are  unfitted 
for  taking  the  place  of  ordinary  steam-locomotives 
for  work  in  the  open  air. 


Oockerkll's  IIot-Wati-ir  Locomotive. 

An  instructive  practical  trial  was  made  in  June 
1874,  by  the  Soci^t^  J.  Cockerell,  of  Seraing,  in 
Belgium,  with  one  of  their  locomotives  of  the  class 
designed  for  indoor  service.^  The  boiler  was  verticaly 
6|-  feet  high,  and  had  two  transverse  water-tubes  in 
the  fire-box ;  the  chimney  roee  direct  ftom  the  fire- 
box, passing  upwards  through  tiie  steam-space.  The 
boiler  was  not  clad  on  the  lower  half  of  it,  nor  on  the 
top,  which  was  3  feet  in  diameter.  There  were  two 
cylinders,  8  inches  in  diameter,  with  a  10-inch 
stroke ;  four  coupled  wheels,  24  inches  in  diameter, 
5  feet  apart  between  centres,  to  a  gauge  of  4  feet 
11  inches.  The  total  capacity  of  the  boiler  was 
35  cubic  feet.  The  weight  in  working  order  was 
8 J  tons  J  say,  with  four  or  five  men,  9  tons. 

1  Amudet  ItuhutrieOeif  Febnuucy  7, 1876;  ooU  176. 
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Fiffl  esepenmenl. — The  looomotiye  at  zest  in  the 
open  air.  Twenty-five  cubic  feet  of  cold  water  was 

measured  into  the  boiler.   The  fire  was  lit,  and, 

in  the  course  of  2|  hours,  steam  was  got  up  to 
10  atmospheres  effective.  The  \vater  level  rose 
1  '38  inches  in  the  jGflass,  corresix)ndin^  to  a  dilatiition 
of  (1-88  X  -78  =)  l-07()  cubic  feet,  or  l-33rd  of  the 
initial  volume,  passing  from  the  temperature  F. 
to  365°  F. 

The  fire  was  then  eztingnishedy  and  the  grate  was 
withdrawn.  The  chimney  was  hermetically  sealed  at 
the  npper  end.  The  fire-door  was  simply  closed; 
there  wae  no  doenre  for  the  ash-pan.  The  weather 
was  fine»  the  temperature  was  77*  F.  in  the  shades 
and  at  5  p.x.  the  locomotiTe  was  left  to  iteelf,  when 
the  initial  effectiTe  pressure  was  9*40  atmospheres. 

Oockeri:li/s  Hot- Water  Locomotive. 


Locom<Uive  at  Rai.    Initwl  Effective  Fresfwe  0*40  Atmogpheres. 


MlaCpNMora       |  fUlaClml 

h. 
0 

10  (6  p.m.) 

AlBKMpherai 

0-00 

Incbfli 

ooo 

0 

15 

1-30 

0-39 

0 

30 

2-40 

007 

0 

45 

3-40 

0-91 

1 

0 

415 

110 

1 

16 

4-80 

1-26 

1 

30 

6-35 

1-38 

1 

45 

6-80 

1-60 

2 

0 

6*30 

1-61 

3 

16 

6^ 

1-73 

2 

30 

6-95 

1-81 

2 

46 

7-30 

1-93 

3 

0 

7-60 

3-06 

3 

16 

7-85 

3'Sl 

4 

15(0.15  P.M.) 

8-40 

268 

16 

0(U  A.M.; 

9-40 

3-27 

B  B 


Digitized  by  GcQgle 


870  HOT'WATER  LOCOMOTIVES. 


At  the  oommenoement  of  the  ofaeerfatioiis,  wlieii 
the  effective  prefisoie  was  9*40  atmoepheres,  the  boiler 
contained  24-07  cnbic  feet  of  water  as  at  54"  F.  At 
the  time  of  the  last  observation^  when  the  pxessnre 
had  iUlen  to  atmospheric  pressoie,  and  the  boiler 
was  cool  enongh  to  permit  of  the  hand  being  laid  upon 
it,  the  quantity  of  water  as  at  54**  F.,  containetl  in 
the  boiler,  only  amounted  to  22'5-i  cubic  feet;  show- 
ing an  apparent  loss  of  1'53  cubic  feet,  in  1(3  hours, 
at  joints  or  cocks,  although  no  escape  had  been 
apparent.  The  provision  against  cooling  was  not 
considerable.  The  surface  of  the  firebox  in  free 
contact  with  air,  amounted  to  49  square  feet ;  that 
of  the  chimney  3\  square  feet.  It  may  be  noted 
that  whilst  the  pressure  fell  rapidly  at  the  conunence- 
menty  it  fell  less  rapidly  as  it  became  lower. 

Second  eajterimeni, — The  locomotive,  alone,  was 
ran  to  and  fro  upon  a  piece  of  railway  552  yards  in 
lengthy  consisting  of  two  straight  pieces  connected  bj 
a  slight  cure.  The  line  was  nearly  level  $  it  had  a 
slight  gradient  of  abont  1  in  400,  at  one  end.  It  was 
in  good  order;  bnt  it  contained  several  points  and 
crossings. 

Steam  was  got  np  to  a  pressure  of  upwards  of 
10  atmospheres  effective,  in  2-^  honrs  after  lighting 
the  fire.  The  fire  was  then  drawn,  and  the  mouth  of 
the  chimney  was  hermetically  sealed  around  the 
exhaust-pipe,  which  was  prolonged  upwards  through 
the  chimney.  The  circulation  of  cold  air  through 
the  boiler  was  thus  prevented.  The  fire-door  was 
closed ;  but  the  ash-pan  was  left  open.  The  cylindi  r- 
cocks  were  open  for  some  time  at  starting,  and  the 
steam  was  cut  off  at  80  per  cent,  of  the  stroke. 


COCKERELVS  LOCOMOTIVE,  371 


During  the  journey,  the  steam  was  cut  off  at  60  or 
70  per  cent.  During  the  last  run,  the  mazimnm 
admission  for  steam  waa  required,  with  the  regu- 
lator wide  open.  Four  or  five  men  were  carried  on 
the  engine. 

There  was  a  slight  wind  blowing,  and  to  neutralise 
the  eiroumstances  of  wind  and  gravitj  ae  far  as  pos- 
sible, the  engine  was  run  to  and  fro  several  times. 
The  effectiTe  pressure  at  the  oommencement  amounted 
to  10*30  atmospheres;  there  was  24*91  cubic  feet 
of  water,  as  at  54*^  F.,  in  the  boiler;  and  of  steam 
10  cubic  feet.  At  the  end  of  the  last  return  trip,  the 
effectiye  pressure  was  1  atmosphere ;  there  was  21*66 
cubic  feet  of  water,  as  at  54°  F.,  and  13*29  cubic  feet 
of  steam.  The  total  fall  of  pressure  was,  therefore, 
0  atmospheres,  and  the  quantity  of  water  consumed 
was  3*25  cubic  feet.  The  following  are  the  results  of 
the  experiment : — 

Xoeo«M<nw  altm«  in  Motion.   Initial  Bftetim  iVamirg, 
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At  the  end  of  the  last  mn,  the  engine  was  pushed 
home  by  two  men  for  a  few  yards. 
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The  total  distance  run  was  2'ol  miles,  and  the 
water  consumed  was  at  the  rate  of  (3'25-r-2*51=s) 
1*80  ottbic  feety  or  87  pounds^  per  mile.  Allowing  an 
evaporative  power  of  7  pounds  of  water  per  pound 
of  fuel,  the  fael  consamed,  if  the  steam  had  been 
generated  on  the  jonmej,  would  have  amounted 
to  (87-h7s)  12|  pounds  per  mile;  equivalent  to 
(12^H-9=)  1'40  pounds  per  ton  gross  per  mile. 

It  was  observed  that,  though  very  little  water  or 
priming  appeared  witli  the  exhaust-steam  when  the 
pressure  was  hi<^h,  there  was  a  notable  increase  of 
priinint^  towards  the  end  of  the  trial,  when  the  pres- 
sure had  fallen. 

Third  experiment. — The  locomotive  with  one  wag- 
gon was  run  to  and  fro  on  the  ejq[»eri mental  line. 
Immediately  after  the  last  experiment,  steam  was 
again  got  up  in  the  engine.  In  1  hour  10  minutes, 
an  effective  pressure  of  10  atmospheres  was  got  up; 
whilst  the  boiler  was  refilled.  The  fire  was  with- 
drawn, and  the  chimney  was  sealed,  as  before.  An 
ordinaxy  waggon,  in  ordinary  condition,  was  coupled 
to  the  locomotive.  The  wa^^n  had  4  wheels,  3  feet 
3  inches  in  diameter,  at  9  feet  9  inches  apart  between 
the  axles.  It  was  fitted  with  a  screw-brake,  and  its 
weight  with  a  small  load  was  8  80  tons.  The  gross 
weight  drawn  was  as  follows : — 


The  initial  effective  pressure  in  the  boiler  was 
10^  atmospheres,  and  the  Bnal  pressure  was  2*30  at- 
mospheres.  There  were  24*91  cubic  feet  of  water  in 
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the  boiler  at  the  oommenoement  of  the  trial,  and 
21*91  cnbic  feet  at  the  termination,  after  six  trips 
were  made ;  showing  that  3  cubic  feet  of  water  was 
coDSumed  on  the  trial. 


Brmmtf  lO'dO  AJtmotjgihtru, 
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The  total  distance  run  was  1*90  miles,  and  the 
water  was  consumed  at  the  rate  of  (3^-1 '90=)  1*58 
cubic  feet,  or  99  pounds  per  mile ;  or,  calculating  as 
before,  14  pounds  of  fuel  per  mile,  equivalent  to 
(14-r- 17*80  =  )  0*79  pound  per  ton  j^ross  per  mile. 

The  performance  of  the  engine  was  more  econo- 
mical in  the  last  experiment;  for  the  addition  of 
the  waggon  caused  but  a  small  addition  to  the  qnim- 
tity  of  water  consumed.  The  comparative  economy 
of  steam  in  the  third  experiment  is  due  to  the  higher 
pressore  necessarily  employed  in  the  cylinders  to 
overoome  the  resistance  of  the  greater  weight  to  be 
drawn,  and  to  the  greater  efficiency  of  the  steam  in 
consequence,  against  the  constant  resistance  of  the 
atmosphere.  The  following  data  are  derived  from 
the  results  of  the  third  experiment ; — 
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Kiyi-WkTmi  LoooM  omn. 

Average.  Conmmption  per  Ton  GroM  per  Mile-Run, 

\  of  pound  of  coke  [in  heating  up  the  water]. 
5^  pounds  of  water. 

The  distanoe  nm  for  these  ratee  of  consnmptioii 
was  2  miles,  on  a  line  of  railway  practically  leyeL 

These  results  do  not  compare  adTantageonsly 
with  those  of  the  Menyweather  looomotive,  page  805, 
where  it  appears  that  this  engine  on  a  tramway  con- 
sumed only  \  pound  of  coke  per  ton  gross  per  mile, 
against  the  resistance  of  a  tramway,  and  on  inclines ; 
whereas  in  the  experiment  with  heated  water, 
^  pound  of  coke  is  the  equivalent  of  the  quantity  of 
water  congumed  on  a  railway  nearly  level.  , 
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C0MPBE88ED-AIB  ENGINES. 

Compressed-air  engines  necessarily  derive  their 
power  at  second-hand ;  and  they  therefore  work  at  a 
disadvantaqfe,  in  point  of  efficiency,  compared  with 
steam-locomotives,  in  which  the  force  is  generated 
and  expended  simultaneously.  A  supply  of  air,  pre- 
viously compressed,  is  taken  in  by  the  propelling 
engine,  and  it  is  gradually  dispensed  to  the  working 
cylinders,  where  it  works  by  expansion,  and  from 
which  the  force  is  transmitted  to  the  driving-wheels 
by  mechanism  similar  to  that  of  a  steam-locomotive. 
If  the  roYerse  actions— of  compressing  the  air,  and 
.  working  it  hj  expansion— conld  be  made  to  take 
place  between  the  same  temperatures,  pressnresy  and 
▼olnmes,  the  work  by  expansion  would  be  an  exact 
duplicate,  in  rererse,  of  ^e  work  expended  for  com- 
pression ;  and  the  efficiency  of  the  combined  com- 
pressor and  motor  would  be  equal  to  100  per  cent., 
irrespective  of  losses  by  friction  and  clearance.  But, 
under  practical  conditions,  the  initial  temperature 
for  expansion  is  not  more  than  that  of  the  surround- 
ing atmosphere;  and  in  working,  bv  expansion,  back 
to  atmospheric  pressure,  even  between  the  same 
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extremes  of  pressure,  the  volumes  are  smaller,  since 
the  temperatures  are  lower.  The  efficiency  must, 
therefore,  be  less  than  100  per  cent. 

When  air  is  compressed  mechanically,  the  tem- 
perature is  raised;  and,  if  none  of  the  heat  so 
generated  be  permitted  to  escape,  the  air  would  be 
*  adiabatically '  compressed.  If  air  be  subjected  to 
oompression,  so  tliat  the  pressure  be  doubled,  trebled, 
&6.,  or  so  tiiat,  taiking  the  initial  pressnrey  at  62*, 
as  1, — 

the  relative  pressures  are  as  2,  8,  4,  5,  10; 
the  final  temperatures  are,  178*",  258**,  821%  H73%  559^ 
It  may  be  noted  here,  that,  taking  the  initial  tem- 
perature, 62%  as  1,  the  tinal  temperatures  are,  very 
roughly,  as  3,     4,     5,     6,  9. 

In  practice,  as  was  said,  the  air  cannot  be  em- 
ployed at  these  high  temperatuivs.    It  is,  in  fact, 
cooled  down  by  radiation  and  conduction,  to  the 
temperature  of  the  surrounding  atmosphere,  before  it 
is  applied  to  do  work.    The  loss  of  efficiency  by  the 
intermediate  fall  of  the  temperature  of  the  com- 
pressed air  from  the  absolute  temperature  t,''  doe  to 
the  oompression,  to  the  absolute  atmospheric  tem- 
perature  t,  is  simply  the  proportion  which  this  fitU 
(t^^^  t),  bears  to  the  higher  temperature  if\   It  is 
so,  because  the  Tolume  is  as  the  absolute  tempera- 
ture t",  and  the  loss  of  temperature  (t^'  —  t),  indi- 
cates the  loss  of  volume  by  contraction,  under  the 
same  pressure.     For  instance,  in  compressing  dry 
air  at  62°  to  two  atmospheres  of  pressure,  in  a  non- 
conducting vessel,  the  temperature  is  raised  to  178°, 
and  the  fall,  in  reverting'  to  62",  is  (178  -  62  =) 
1 1 6^  The  loss  of  efficiency  due  to  this  decline  of  tem- 
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perature,  is  the  proportion  of  116°  to  (461°  + 178°  =  ) 
639°,  the  maximum  absolute  temperature,'  thus : — 
(461  +  178  =  )  639° 
(461  +    62  =  )  o23° 
Diiference,  or  loss,  110°  =■  18  per  cent,  of  the  maxi- 
mum absolute  temperature. 
Leaving  523°  =  82       do.       do.  do. 

The  reduced  efficiency  here  is  82  per  cent.  Take 
other  examples : — 

For  ratios  of  preBsare,  or  atmospheres, 
2,        8,        4,        6,  10, 
the  final  temperatures  for  compression  are 

178%     268*,     821%     873*,  669T.; 
and  the  losses  of  temperatore,  by  the  fall  of  the  tem- 
perature to  62%  the  initial  temperature  for  expan- 
sion, are 

116°,     196°,     259%     311°,     497°  j 
whilst  the  reduced  efficiency  is 

82,  73,  67,  63,  51  percent.} 
and  the  loss  of  efficiency  is 

18,  27,  33,  37,  49  per  cent. 
Thus,  it  is  obvious  that  the  lower  the  degree  of  com- 
pression applied  to  the  air,  the  less  is  the  rise  of 
temperature,  the  less  is  the  loss  of  heat  by  dis- 
sipation, and  the  greater  is  the  efficiency  of  the 
machine. 

*  AKsolut*'  t«*mperature  if  nn  f^xpression  sigmifyiiiff  the  niejisure 
of  total  heat  in  a  body,  as  from  the  bottoni  of  the  scale  of  tem- 
perature. The  zero  of  the  scale  of  abeolute  temperature,  or  the 
point  of  Do-hflftt,  is  461  degrees  hdow  the  lero  point  of  tlio 
Eduenheit  scale ;  and  to  find  the  absolnte  temperatura  for  any 
temperature  indicated  Tjv  tlie  thermometer,  461''  are  added  to  the 
indicntod  temperature.   For  instanoei  the  abeolttte  tempeiatuie  for 

1\  ia  (461  -I-  6si  -)  52^°. 
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As  air  nnder  adiabatie  ooinpTessioii  may  rise  to 
temperatures  wliich  are  impractioabley  so  air  under 
adiabatie  ezpansioii — that  is,  expanded  behind  a 
piston,  in  a  noo-oondncting  cylinder — may  ftU  to 
temperatures  wbieh  are  impracticable. 

Thus,  wben  the  inilaal  temperatore  is  62^,  for 
ratios  of  adiabatie  expansion, 

2,         3,  4,  5,  10, 

the  final  temperatures  are, 

-33%     -81%     -lir,     -133%  -193°. 

It  is  clearly  as  impracticable  to  work  a  com- 
pressed-air engine  in  such  low  temperatures,  when 
every  particle  of  moisture  and  lubricant  would  be 
frozen,  as  amongst  the  high  temperatures  previously 
noticed.  Expedients  are,  therefore,  needful  for 
keeping  the  rise  of  temperature,  during  the  compres- 
sion of  air,  within  feasible  limits ;  and  for  limiting 
likewise  the  fall  of  temperature,  during  the  expansion 
of  compressed  air.  The  former  is  effisctiTelj  done 
by  surrounding  the  compressing  pumps  with  cold 
water,  and  by  injecting  cold  water,  in  finely  diyided 
spray,  into  the  mass  of  air  whilst  undergoing  com- 
pression. Dr.  Oolladon  has  probably  done  more  for 
the  improvement  and  perfecting  of  air-compressing 
machinery  than  any  other  operator.  In  the  air- 
compressing  machinery  at  the  works  of  the  St. 
Gothard  Tunnel,  at  Airolo,  arranged  by  Dr.  Colladon, 
it  has  been  found  by  experiment  that,  by  the  means 
above  indicated,  the  rise  of  temperature  of  air,  even  . 
when  the  air  is  condensed  under  a  pressure  of  ten 
atmospheres,  was  limited  to  from  36°  to  54°  Fahren- 
heit The  pistons  had  a  stroke  of  17*3  inches,  and 
they  made  from  120  to  180  strokes  per  minute. 
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giving  speeds  of  piston  of  o^er  260  feet  per  minnte. 
A  qnantity  of  oold  watery  equal  in  Tolnme  to  l-lOOOth 
of  the  Tolame  of  the  strokOy  was  iigeeted  dnriug  each 
stroke. 

The  eleftranoe  space  at  each  end  of  an  air-oom- 

pressing  cylinder,  afPects  very  sensibly  the  yield,  or 
rendemmt,  of  compressed  air,  by  reducing  it,  to  some 
extent,  below  the  total  volume  of  the  stroke,  or  the 
space  described  by  the  piston  for  one  stroke.  This 
effect — the  reduction  of  yield — is  obviously  duo  to 
the  fact  that  the  compressed  air  left  in  the  clearance- 
space,  after  the  stroke  of  the  piston  is  completed, 
expands  upon  the  piston  as  it  recedes,  and  so  far 
monopolises  the  cylinder,  to  the  exclusion  of  a  fresh 
snpplj  of  air,  until  its  pressnre  faUs,  in  due  course, 
to  an  equality  with  that  of  the  atmosphere.  The 
reduction  of  yield,  hy  this  cause,  increases  as  the 
pressure  of  compression  is  increased.  In  a  series 
of  observations  made  at  Airolo,  with  the  pumps 
already  mentioned,  having  a  stroke  of  17*3  inches, 
with  a  clearance-space  l-80th  of  the  volume  of  the 
stroke,  making  G  i  turns  per  minute,  the  yield  in 
weight  of  air  was  only  78  per  cent.,  in  compressing 
air  in  the  reservoir,  by  the  pump,  from  6  atmo- 
spheres to  7  atmospheres.  At  higher  pressures,  the 
yield  became  still  less,  as  follows : — 

Compression  Yield,  in  weight  of  air 

From  6  to  7  atmoephereti  .  .      .      .78  per  cent. 
„   7to8       „        .  .      .74  „ 

„8to9       „  06 
„    9  to  10     „        .  .CO  „ 

In  performing  work  with  compressed  air,  on  the 

contrary,  accompanied  by  expansion,  the  fall  of 

temperature  is  to  be  checked,  that  it  maybe  pre- 
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vented  from  falling  to  or  below  the  freezing  point. 
There  is  a  well-known  practical  difficulty  in  work- 
ing compreBsed  air  expansively.  The  extreme  fall 
of  temperature  causes  the  freezing  of  moisture  and 
the  hardening  of  lubricants  about  the  mechanism. 
For  this  reason,  the  working  of  air  ezpansiTely  is 
confined  to  narrow  limits ;  and  the  air  is  admitted 
to  the  cylinder  for  nearly  the  whole  of  the  stroke, 
that  the  cooling  which  results  from  expansion  upon 
a  piston  may  he  rednoed  to  a  minimum.  The  most 
efficacious  means  of  cheeking  the  &11  of  temperature, 
and  mitigating  the  inconveniences  of  it,  is  to  saturate 
the  compressed  air  witii  moisture  or  vapour.  Accord- 
ing to  the  investigations  of  M.  Mallard,  the  following 
are  the  ratios  of  expansion,  to  which  dry  air,  and  air 
saturated  with  vapour  or  moisture,  respectively,  may 
be  worked  before  they  fall  to  the  temperature  F. 

Expansion  of  Air  Dry  and  Moist. 


Ttmpofrntom 


B»tto  of  expansion 


FIlMl 


lattM 


Dry  atr 


Air  with  safflcient 
moisture  or  vapour 


68° 

70° 
8CP 
{Kf 
100° 
110° 
13(f 


140° 


40° 

02° 


Ratio 

105 
M3 
1-22 
1-23 
1-28 
1-30 
1-37 
1-47 
1-57 
1-67 

i'7e 

1-  88 

2-  00 


RMlo 

110 
1-24 
1-38 
1-41 
1-50 
1-66 

1-  76 
200 

2-  28 
2*63 
8-00 

3-  45 

4-  00 
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As  the  steam  is  condensed  during  expansion,  the 
heat  that  is  liberated  is  absorbed  by  the  air. 

It  was  seen  that  when  the  compression  of  air  was 
carried  to  10  atmospheresy  the  efficiency  for  working 
in  a  compressed-air  engine  was  only  51  per  cent. 
Add,  that  the  eificiencies  of  the  machines  themselves 
— the  compressor  and  the  power-engine — are  factors 
for  the  calculation  of  their  resultant  efficiency,  and 
if  the  efficiency  of  each  machine  be  taken  at  80  per 
cent.,  the  combined  percentage  of  the  two  machines  is 


64  per  cent,  of  51  per  cent,  is  83  per  cent.,  the 
resultant  efficiency  of  the  combined  compressor  and 
engine,  working  to  10  atmospheres.  Similarl}',  it 
is  found  that  tlie  resultant  efficiency,  working  to 
2  atmospheres,  is  52  per  cent.  The  less  the  degree  of 
compression,  the  greater  is  the  efficiency,  because  the 
less  is  the  proportional  loss  ftom  the  intermediate 
reduction  of  temperature^  In  general  practice,  the 
resultant  efficien<7  rarely  exceeds  30  per  cent.  But, 
to  give  a  character  of  precision  to  the  relations  of  the 
first  power  and  the  final  performance,  the  following 
are  the  resultant  efficiencies,  deduced  from  actual  ex- 
periment, of  1 6-inch-cylinder  air-compressing  engines, 
and  10-inch-cylinder  compressed-air  engines,  cutting 
oflp  at  3-4 ths,  constructed  by  Messrs.  John  Fowler  &  Co. 
for  Sir  George  Elliott — at  work  at  Powell  Dulfryn 
Collieries.  The  air-cylinders  were  immersed  each 
in  a  cold-water  bath,  open  at  the  upper  side.  The 
resultant  efficiency  is  here  expressed  by  the  ratio  of 
the  brake-power  of  the  compressed-air  engine  to  the 


64  per  cent,  or  about  two-thirds ;  and 
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indicator-power  in  the  steam-cjlinder  of  the  air- 
compressing  eugice' : — 

Effective  pressure  of  air  in  receiyer: — 
40-0,    34  0,    28-5,   24,      19  lbs.  per  square  inch. 

Indicator  horse-power  in  the  steam-cylinder: — 
59*4,  46%   85-8,   25-8,   11*8  LH.P. 

BeBidtant  efficiency : — 
25-8,   2M,   28-5,   84-9,   45*8  per  cent. 


OoxPBnaeD-AiR  Traxwat-oab,  st  M.  MAkabsii. 

Early  in  1876,  a  tramway-car,  propelled  by 
compressed  air,  was  constructed  by  M.  Mekarskiy 
and  tried  on  the  CourbeToie  line  of  the  Tramway 
Nord,  in  Parifl.  The  car  is,  in  general  outline^ 
on  the  model  of  the  cars  of  the  Compagnie  dee 
Tramways.  The  body  is  11^  feet  long,  and  ao- 
commodates  20  passengers  inside;  thero  is  also 
room  for  fonzteen  passengers  ontside,  on  a  spadons 
platform  at  the  rear.  Compressed  air,  of  25  atmo- 
spheres, is  stored  in  eight  cylindrical  reservoirs  of 
plate-iron,  from  12  to  16  inches  in  diameter,  placed 
transrersely  underneath  the  carriage,  and  connected 
together.  They  are  in  two  separate  series.  The 
capacity  of  the  principal  stnies  is  52  cubic  feet,  and 
that  of  the  second,  or  reserve,  series,  is  1 7  cubic  feet. 
An  upright  reservoir,  14  inches  in  diameter  and 
abont  5  feet  in  height,  is  placed  at  the  fore  end  of 
the  car,  is  three-fourths  iilied  with  water  heated  to 
340''  F.,  corresponding  to  a  pressure  of  103  lbs.  per 

>  TIm  ralnluiM  of  this  diaptor  oo  the  ptindplet  and  the 
actioD  of  compiMied-air  moton  10  dflrived  from  the  aathor**  frark 
AMmuudrf  JiMk»,  Tabim,  and  Data,  1877 ;  pig«  898-014 
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square  inch  above  tiie  aimoepliere.  The  compressed 
air^  as  drawn  off  for  consamption,  is  passed  through 
this  Teservour,  in  which  it  becomes  saturated  with 
vapour.  The  mixtqre  of  air  and  water  occupies  the 
upper  part  of  the  reservoir.  The  frame  of  the  car  is 
of  wrouj^ht  iron,  5  feet  10  inches  wide,  and  18  feet 
8  inches  long.  The  car  runs  on  two  pairs  of  wheels 
about  28  inches  in  diameter,  and  placed  6  feet 
10  inches  apart.  One  pair  of  the  wheels  is  driven  by 
a  pair  of  cylinders,  5  or  6  inclies  in  diameter,  with 
about  10  inches  of  stroke.  The  weight  of  the  car  is 
4^  tons,  and  with  a  load  of  30  passengers  the  weight 
is  7  tons. 

The  air  is  wire-drawn  to  a  pressure  of  5  atmo- 
spheres for  working  in  the  cylinders.  M.  Mekarski 
(uJculates  that  the  fall  of  pressure  by  wire-drawing, 
firom  25  atmospheres  to  5  atmospheres,  ifollowed  by 
the  complete  expansion  on  a  piston  from  5  atmo- 
spheres down  to  atmospheric  pressure,  results  in  an 
ei&cienoj  of  62  per  cent. — that  is  to  say,  a  loss  of 
88  per  cent. ;  and  that  this  loss  is  compensated  by  the 
re-heating  of  the  air  during  expansion  by  the  inter- 
mixed steam.  The  expenditure  in  thus  re-heating 
the  air  is  only  a  small  proportion  of  the  total  fael 
consumed.  The  quantity  of  heated  water  supplied  to 
the  reserv'oir  of  the  car  is  about  3  cubic  feet,  at  a 
temperature  of  340''  F.,  and  the  car  returns  with 
about  2§  cubic  feet  of  water  at  212°  F.,  the  difference 
representing  the  consumption  of  about  2  pounds 
of  coal,  whilst  the  fuel  consumed  in  charging  the 
reservoirs  with  compressed  air  amounts  to  33  pounds 
of  coal.  The  cooling  of  the  heated  water,  and  the 
diminution  of  pressure  of  the  air  in  the  reservoir. 
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take  place  simultaneously  in  the  course  of  the 
journey »  and  thus  the  elements  of  the  mixture  may 
be  maintained  in  sensibly  constant  proportions.  It 
is  stated  that  the  quantity  of  air  consomed  does  not 
exceed  11  cubic  feet  per  mile  run. 

The  Mdkarski  ear  works  well  as  a  mechanical 
engine — ^free  from  smoke,  steam,  noise,  and  fumes. 
Bat  it  does  not  appear  that  the  cost  of  working  the 
car  is  generally  known. 


OOXPIIBSBSD-AIB  TbAICWAT-CAB,  BX  Mb.  SGOXI-MOHCBISrJr. 

Mr.  Scott^Moncrieff 's  car,  worked  by  compressed 
air,  resembles  in  appearance  an  ordinary  tramway- 
car.  The  reservoirs  and  machinery  are  carried  on  a 
frame  below  the  floor  of  the  car.  In  the  central 
portion  the  en<;ines  are  carried.  In  the  car  first  madr, 
and  started  for  trial,  about  the  middle  of  1S75,  on  the 
Vale  of  Clyde  Tramway,  there  were  six  reservoirs 
holding  compressed  air — three  at  ea^h  end  of  the 
car.  The  air  was  supplied  to  the  reservoirs  at  a 
pressure  of  850  lbs.  per  square  inch.  There  were 
two  air-cylinders,  6  iuches  in  diameter,  with  a  stroke 
of  14  inches.  The  supply  of  air  was  wire-drawn 
before  it  was  admitted  into  the  cylinders,  and  cut  off 
^  that  it  expanded  to,  and  was  exhausted  at  atmo- 
spheric pressure.  The  total  weight  of  the  car  was 
6|  tons;  with  40  passengers,  10|  tons.  Mr.  Scott- 
Moncrieff  states,  that  during  a  trial  of  the  car,  lasting 
fourteen  days,  on  the  line  between  Govan  and  Paisley 
Toll,  the  reeerroirs  were  charged,  after  every  three 
miles-run,  with  compressed  air,  having  a  pressure 
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of  310  lbs.  per  squaie  inch,  which  was  worked 
until  the  pfresmie  fell  to  100  lbs.  or  110  lbs. 
The  ayerage  prMSHre  in  the  cylinders  was  about 
22^  lbs.  per  square  inch.  Mr.  Scott-Moncrieff  states 
tbat  lus  ear  oonsiimed  from  400  to  600  eobio  feet  of 
air  as  at  atmospheric  presBiiie  per  nuley  aad  he  is  of 
opinion  that  a  oompiessing-engine  of  about  150  in- 
dicator horse-power  wonld  be  capaUe  of  keeping  up 
a  service  of  1»000  miles  per  daj. 

Mr.  Soott-Moncrieff*8  en^e  resumed  regular 
duty  on  the  Vale  of  Clyde  for  a  few  weeks  in  the 
beginning  of  1B77.  From  the  results  of  his  experi- 
ments, he  concluded  that  the  cost  price  of  working 
— including  drivers'  wages,  lighting,  cleaning — was 
between  3d.  and  4<2.  per  mile  run. 


Majob  Bb4Umont's  Compr£S8sd-aib  Cab. 

Messrs.  Greenwood  &  Batley  are  engaged  in  the 
construction  of  Migor  Beaumont's  compressed-air 
car.  The  initial  pressure  in  the  reservoirs,  which 
have  a  capadtj  of  65  cable  feet,  is  1,000  lbs.  per 
square  inch.  This  high  pressnre  is  adopted,  for  the 
constmctora  found  that  the  higher  the  pressnre  the 
greater  was  the  efficiency.  This  conclusion  is  appa- 
rently' in  contradiction  to  the  conclusions  drawn  from 
other  experience,  as  well  as  from  the  elementary 
data  which  have  already  been  considered.  But  the 
explanation  lies  in  the  use  of  a  compound-engine  of 
four  cylinders,  in  which  the  air  is  successively  ex- 
panded down  from  an  initial  pressure  of  1,000  lbs. 
•  per  square  inch,  to  the  pressnre  at  which  the  air  is 
exhausted  into  the  atmosphere.   The  Tolnmes  of  the 

0  0 
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'(^linden  raooessively  are  as  1,  8,  9,  27,  having  a 
common  ratio  of  1  to  3,  and  showing  that  the  air 
may  be  expanded  in  the  engine  as  many  as  27  times. 
When  the  pressore  fitlls  ol^  the  first  cylinder  is  dosed 
to  the  air,  which  is  then  tomed  on  direct  to  the 
second  cylinder ;  again,  on  fturther  need,  it  is  closed 
to  the  second  cylinder,  and  tamed  on  direct  to  the 
third,  and  ultimately  direct  to  the  fonrth.  As  Mr* 
Greenwood  remarks,  the  same  power  may  thus  be 
got  out  of  the  engine  under  a  deereasiiit^  pressure. 
He  calculated  on  a  loss  of  four-fifths  of  the  steam- 
power  used  for  compression;  but  he  hopes  to  reduce 
the  loss  to  two-thirds,  leaving  one-third  of  the  work 
of  the  steam  as  the  useful  work  done.  The  horse- 
power given  out  per  cubic  foot  of  air  at  1,000  lbs. 
pressure  is  nnder  5  horse-power.  The  engine  above 
noticed  has  ron  6^  miles  with  a  load  of  4  or  5  tons ; 
but  Mr.  Greenwood  considers  that  with  a  reservoir 
of  100  cubic  feet  of  capacify,  folly  charged,  a  run  of 
ten  miles  coxdd  be  made.  The  weight  of  snch  an 
engine  would  be  from  4  to  4}  tons. 
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TSAXWAT  LOCOMOTIVES,  BY  MESSRS.  MEREYWEATKEE 

AND  SONS,  IiONOOK. 

Plates  X.,  XI. 

Mbssrb.  Mbbbtwxathbb  &  Sons  oonstrnet  three 
classes  of  steam  looomotiTes  for  tramwa js : — 

1.  OylioderSy  6  inches  diameter;  stroke,  9  inches;  wheelSi 
2  ftet  Weighty  empty,  3^  tons ;  In  worldug  older,  4  tons. 

%  OjlindAn,  7  inches  diaineter;  stroksi  11  inehes;  wheels, 

2  feet.    Weight,  empty,  5  4  tons ;  in  worldag  (Wder,  6  to  6^  tons. 

3.  Cylinders,  7^  inches  diameter;  stroke,  12  inches;  wheels, 
2  feet.   Weighty  empty,  6^  tons ;  in  working  order,  7^  to  8  tons. 

The  working  pressure  in  the  boiler  is  8  atmo- 
spheres, or  nominally  120  lbs.  per  square  inch.  The 
guaranteed  maximura  performances  are  respectively 
as  follows : — 

1.  To  draw  1  kwded  cir,  weighing  7  tons,  up  an  iodine  of 

1  in  30. 

2.  To  draw  1  loaded  car,  weighinj?  7  tons,  up  an  incline  of 
]  in  18 ;  or  2  loaded  cars,  weighing  14  tons,  up  an  incline  of 
1  in  30. 

8.  To  dnw  2  loaded  cars,  weighing  14  tons,  up  an  indino 
of  1  in  16;  or  S  loaded  oan,  weighing  21  tona^  up  an  incline  of 
lin2a 

0  c  2 


Digitized  by  Geogle 


388 


STEAM-LOCOMOTIVES, 


Engines  of  the  third  class  have  taken  three  cars  up 
an  incline  of  1  in  18,  at  regular  work. 


PABIS. 

The  tramway  looomotiTes  of  MeBsra.  Henyweather 
SoBBy  now  at  work  on  the  Southern  Tromwayfl 
of  PariSy  thirty-six  in  nnmber,  hare,  as  already 
mentionedt  two  cylinders*  d  inches  in  diameter^  with 
a  stroke  of  9  inches.  The  cylinders  ave  horiaontaly 
inside  the  framing,  and  connected  to  cranks  on  the 
driying-azle.  There  are  two  pairs  of  driving-wheels 
of  cast  steel,  coupled,  2  feet  in  diameter,  4  feet 
7  inches  apart  between  centres  of  axles.  The  blast- 
orifice  is  annular  in  form,  and  has  an  area  of  1  square 
inch,  being  about  l-28th  of  the  area  of  the  pistons. 
The  length  of  the  frame  is  about  8  feet,  and  the  width 
is  6  feet.  Over  the  bufifers,  which  are  central,  the 
extreme  length  is  about  8  feet  10  inches.  The  load 
is  carried  by  a  pair  of  helical  springs  over  each  jour- 
nal. The  buffing  and  draw-springs,  of  indiarubbery 
at  each  end,  are  well  connected  to  the  frame,  the 
attachment  having  been  taken  as  near* to  the  centre 
of  the  machine  as  was  conveniently  practicable.  A 
dose-laid  draw-pin  eases  the  traction  very  mnch, 
compaired  with  a  distant  draw-pin.  The  engine  is 
bral^  hy  cast-iron  hlockSy  applied  one  to  each  wheel. 
The  whde  machine  is  enclosed  into  a  large  wooden 
box,  made  like  a  short  tramway-car,  having  several 
windows.  The  fire-box  is  2  feet  wide,  and  1  Ibot 
6  inches  long.  The  barrel  of  the  boiler  is  2  feet 
9i]ie]ies  kmg, and  2&et  8 inches  indiameter;  it con- 
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tains  65  floe-tubes,  1^  inches  in  diameter,  and  3  feet 
long: — 

Sqaftre  feet 

Heating  surface  in  fir&-box  ....    16  0 
Do.        do.      tubee     ....  89-3 

Total  106-3 

Area  of  tire-grate  3 

Ratio  of  grate  to  heating  surface,  1  to  35. 

The  preesme  in  the  boiler  is  nomiaallj  8  atmo- 
spheres, or  120  lbs.  per  square  inch ;  but  the  work- 
ing pressure  usually  maintained  is  6  atmospheres,  or 
90  lbs«  per  square  inoh*  The  steam  is  cut  off  in  the 
cylinders  at  from  l-4ith  to  3-4th8  of  the  stroke.  The 
length  of  the  journey  is  4  miles,  between  the  Bastille 
and  the  Grare  de  Mont  Pamasse,  on  which  the  maxi- 
mum incline  has  a  ^^dient  of  1  in  50,  whilst  there 
are  long  inclines  of  from  1  in  60  to  1  in  70.  The 
speed  is  limited  by  law  to  9  kiloinetres,  or  a  little 
over  5|  miles  per  hour;  but  it  occasionally  rises 
to  14  or  15  miles  per  hour,  and  the  average  speed, 
including  stoppages,  is  8^  miles  per  hour.  The 
weight  of  the  engine,  empty,  is  :J  \  tons  ;  with  coke 
and  water,  4  tons.  It  draws  a  car  which,  when  loaded, 
weighs  7  tons ;  and  it  can  ascend  the  inclines  with 
its  load,  and  keep  time,  with  a  pressure  in  the  boiler 
of  90  lbs.  per  square  inch.  The  fiiel  (coke)  consumed 
per  day,  amounts  to  550  lbs.  for  a  total  distance  run 
of  100  miles : — at  the  rate  of  5^  lbs.  per  mile.  The 
combustion  of  the  ftiel  proceeds  at  a  comparatiTely 
^ow  rate.  Supposing  tiiat  the  aTenige  actual  speed 
while  running  is  10  miles  per  hour,  the  quantity  of 
coke  consumed  per  hour  would  be  (10  x  5*5  as), 
55  pounds,  equivalent  to  (55  -f-  3  s)  18^  pounds  per 
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sqnsre  foot  of  grate.  In  the  ordinary  practice  of  loco- 
motiTes  on  railways,  the  quantity  of  fuel  consumed  per 
square  foot  of  grate  per  hoar  amounts  to  three  or  four 
times  as  much.  The  comparatiTely  low  rate  in  the 
Merry  weather  engine,  is  easily  aoooonted  for  by  the 
oomparatiTely  low  speed,  and  the  reduced  blast  and 
draft  which  are  required  for  the  gieneration  of  steam. 
It  is  true,  the  area  of  the  blast-orifiee  is  contracted 
to  l-28th  of  that  of  the  pistons,  which  is  a  very  small 
fraction,  and  would  cause  great;  back-pressure  on  the 
pistons  if  the  engine  travelled  at  a  high  speed.  But 
it  is  to  be  observed  that  the  pistons  travel  at  a  com- 
paratively low  speed.  The  wheels,  2  feet  in  diameter, 
and  G"28  feet  in  circumference,  make  (5280  h-  6*28  =) 
841  turns  in  a  mile,  or  in  (60  -h  10  =)  six  minutes 
of  time,  when  the  speed  is  10  miles  per  hour.  The 
number  of  turns  per  minute  is,  then  (841  -i-  6  =) 
140;  and,  as  the  double  stroke  of  the  piston  is 
(9  X  2  s)  18  inches,  or  1*5  feet,  the  speed  of  the 
pistons  is  only  (140  x  1*5  ss)  210  feet  per  minute* 

The  engines,  more  recently  constructed,  toe  the 
tramway  from  the  Bastille  to  St.  Mand^,  illustrated 
hi  Plate  X.,  are  more  powerfbl  than  those  just 
'described.  They  hare  7-inch  cylinders,  with  a  stroke 
of  11  inches,  and  2-feet  wheels.  The  firebox  is' 
2  feet  2  inches  by  2  feet,  having  an  area  of 
4*33  scjuare  feet  of  grate.  The  firebox-surface  is 
24*5  square  feet;  there  are  79  flue-tubes,  IJ  inches 
in  diameter  outside,  and  3  feet  6  inches  long,  giving 
126*0  square  feet  of  heating  surface.  The  total 
heating  surface  is  151*1  square  feet,  and  it  amounts 
to  35  times  the  area  of  grate.  The  diameter  of  the 
barrel  of  the  boiler  is  2  feet  6  inches ;  the  length  of 
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the  engine,  orer  all,  is  6  feet  7  inches,  and  the 
length  of  tiie  wheel-hase  is  4  feet  6  indies.  The 
f<nrm  of  the  tyre  of  the  wheels  is  shown  in  section, 
%  9JB,  page  188. 

Additional  engines  of  equal  power  are  in  coarse 
of  construction  for  other  lines  of  tramway  in  Paris, 
to  work  the  increased  traffic  consequent  upon  the 
approaching  Exhibition. 

The  conditions  under  which  the  Merryweather 
engine  at  Paris  is  worked,  taken  together,  are  favour- 
able for  its  durability  and  economical  maintenance. 


BA&CELONA. 

The  locomotives  constmeted  for  the  tnunwaj  front 
Barcelona  to  St.  Andrds,  on  a  1-metre  gauge,  iUns- 
trated  hj  Plate  XI.,  have  6-inch  cylinders,  with  a 
stroke  of  9  inches,  and  fonr  2-feet  wheels,  conpled. 
The  fire-grate  has  3  square  feet  of  area.  The  barrel 
of  the  boiler  is  27  inches  in  diameter ;  and  there  are 
96  flue-tubes,  1^  inches  in  diameter,  and  3  feet  in 
lenjjth.  The  heating^  surface  of  the  fire-box  is 
16  square  feet,  of  the  tubes  102*7  square  feet,  total 
surface  IIS- 7  square  feet.  A  tank  to  hold  a  supply 
of  cold  water,  800  gallons,  for  condensing  the  steam, 
is  placed  overhead.  The  exhaust-steam  is  discharged 
from  the  cylinders  into  an  apparatus  like  an  ejector, 
in  the  lower  part  of  the  engine,  to  which  the  water 
is  condncted  from  the  tank,  where  it  meets  and 
condenses  the  ezhanst-steam,  and  whence  it  letoms 
bj  a  return-pipe  to  the  tank.  The  water,  of  coarse, 
becomes  gndnally  heated,  bat  the  condensation  of 
the  steam  is  e£fbctive,  and  there  is  no  appearance 
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of  escaping  steam,  until  the  tempei-ature  of  the  water 
arrives  near  the  boiling  point.  Possessing^  so  wide 
a  range  of  effective  action,  a  tankful  of  cold  water 
lasts  good,  for  condensing  the  exhaust-steam,  for  two 
hours,  over  a  distance  of  more  than  10  miles.  The 
distance  to  be  run  before  the  water  can  be  heated, 
from,  say,  62**  F.  to,  say,  IdO*"  F.,  is  easily  detennined. 
The  qnantitj  of  fael  consumed  per  mile  is  5  ponndSy 
evaporating,  say,  7  pounds  of  water  per  pound  of 
fdel,  the  quantity  of  steam  generated  per  mile  would 
be  (6  X  7  ss)  85  pounds,  exhausted  at,  say,  a  pressure 
of  3  lbs.  per  square  ineh.  The  total  heat  of  one 
pound  of  steam  of  8  lbs.  effective  pressure  per  square 
inch,  is  1117  units,  reckoned  from  a  temperature  of 
62*"  F.,  or  967  units,  reckoned  from  212".  The  mean 
total  heat  per  pound  of  steam  to  be  extracted  by  con- 
densation is  ( (1117  4-  967)  —  2  =  )  1042  units.  Each 
pound  of  condensing  water  absorbs  (180  —  62  =) 
118  units  of  heat,  when  heated  from  62°  to  180"; 
and,  to  condense  1  pound  of  steam,  the  quantity  of 
water  required  is  (1042^-118  =  )  8-8  pounds.  The 
total  weight  of  water  in  the  tank  is  (300  gallons 
X  10  =  )  3000  pounds;  and  (3000-^8-8  =  )  341  pounds 
of  steam,  is  the  total  quantity  that  may  be  condensed 
by  the  store  of  condensing  water.  As  35  pounds 
of  steam  is  consumed  per  mile,  the  supply  of  con- 
densinof  water  would  last  for  (341  h-  85  s)  10  miles, 
equivalent  to  80  gallons  per  mile : — a  result  of  cal- 
culation which  agrees  with  the  results  of  practice. 

For  occasional  use,  a  Uast-pipe  is  adopted  for 
exhausting  tiie  steam  into  the  chimney ;  it  is  fitted 
with  the  means  of  contracting  the  area  of  the  orifice, 
by  a  conical  plug  with  a  raok-and-pinion  movement. 
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A.  steam-jet  is  also  available  at  will,  bj  a  noszle 
placed  oonoentricallj  within  the  blast-pipe.  Two 
truncated  cones  are  placed  one  above  the  other,  over 
the  blast-pipe  and  below  the  chimnej,  through  which 
the  blast  is  directed  upwards.  Thej  are  nsefbl  in 
inducinpr  the  draft  from  the  lower  rows  of  flne-tubes, 
as  well  as  from  the  upper  rows  ;  and  they  assist  the 
absorption  of  the  exhaust-steam  by  the  liot  air, 
whereby,  except  in  very  cold  weather,  it  issues  from 
the  chimney  invisible :  so  far  dispensing  with  the 
use  of  the  water-condenser. 

The  Barcelona  Tramway  was  opened  in  Novem- 
ber 1877.  The  engines  each  take  two  loaded  cars 
np  inclines  of  1  in  30.  The  traffic  has  so  rapidly 
increased  that  the  additional  engines  to  be  supplied 
bj  the  same  makers  will  have  cylinders  7  inches  in 
diameter,  of  tiie  same  power  as  the  later  engines 
constmcted  for  the  Buns  tramways. 


OABBBL,  BOURN,  0UBSH8BT,  AND  WBLLINGTOir,  NBW 

ZBALABD. 

The  engines  of  the  Cassel  Tramway,  which  was 
noticed  at  page  188,  opened  in  August  1877,  were 
supplied  by  Messrs.  Merryweather  &  Sons.  They 
were  constructed  with  7i-inch  cylinders,  having 
12  inches  of  stroke.  They  draw  three  loaded  cars 
over  the  road,  on  which  the  inclines  are  severe,  some 
of  them  equal  to  1  in  16. 

Engines  by  the  same  constmctors  are  at  work  on 
the  Bonen  Tramway,  which  was  opened  in  November 
1877.    The  cylinders  are  6  inches  in  diameter. 
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with  a  stroke  of  9  inches.  The  engines  work  one 
large  loaded  car  up  inclines  of  1  in  25. 

In  Guernsey,  tlie  Boyal  Courts  in  December 
1877y  granted  permission  for  the  constraction  of 
tramways  to  be  worked  by  steam  power.  The  woiks 
are  now  (Febnuuy  1878)  in  oome  of  eonstmdion ; 
and  one  of  Mesm.  Herryweather's  engines  baa  been 
working  on  the  portion  abeady  completed.  Ad- 
ditional engines  by  the  same  makers  are  being  com- 
stmcted  for  this  tramway. 

The  first  tramways  in  New  Zealand  have  recently 
(February  1878)  been  opened  at  Wellington;  already 
noticed,  pa^e  190.  The  locomotives,  supplied  by 
Messrs.  Merryweather  &  Sons,  have  7-inch  cylinders, 
with  an  11 -inch  stroke.  The  gauge  is  3  feet 
6  inches.  A  rapid  extension  of  tramways  is  ex- 
pected throughout  the  Colonies. 
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AUXILIABT  COMPOUND  XHOLIKB-LOOOXOTITE  FOB 
TSAMVATR.    BT  MB.  HBHBT  P.  HOLT. 

Flaxi  YTT. 

Mr.  H.  p.  Holt  has  comprehended  in  his  incline- 
locomotive  for  tramways,  a  short  wheel-base,  and 
comparatiyelj  light  weight,  for  the  maximum  power 
whieh  the  engine  is  capable  of  exerting.  The  cjlin- 
ders,  two  in  number,  as  usual,  are  arranged  as  com- 
ponnd-cjlindera: — a  smaller  cylinder  worked  by  steam 
at  high  preBsnre  direet  from  the  boiler  $  and  a  laiger 
eylinder,  worked  hj  steam  atlowerpresscire  exhansted 
from  the  smaller  cylinder.  There  are  two  legnlators, 
one  aboTO  each  (^linder,  controlled  bj  a  single  le^er, 
and  so  ananged  that^  for  starting  the  engine,  or  on 
any  other  occasion  when  the  full  power  of  tlie  engine  is 
required  to  be  exerted,  steam  of  high  pressure  from 
the  boiler  may  be  supplied  direct  into  the  second  or 
larj^er  cylinder,  as  well  as  into  the  first  or  smaller 
cylinder ; — the  exhaust  steam  from  each  cylinder 
being  delivered  direct  into  the  chimney,  or  the  con- 
denser, as  the  case  may  be. 

In  the  normal  condition,  when  the  engine  works 
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as  a  compound-engine,  the  steam  admitted  to  the 
first  cylinder  is  partially  expanded  there,  and  is  ex- 
hftosted  into  an  intermediate  receiver,  which  is  formed 
of  thiee  hurge  tubes  lodged  within  the  boiler.  There, 
it  is  in  some  degree  superheated,  or  reheated,  and 
thenoe  it  passes  to  the  second  cylinder,  where  it  is 
farther  expanded  against  the  piston,  and  whence  it  is 
exhausted  into  the  chimney,  or  into  a  condenser. 

The  supply  of  steam  to  the  first  and  the  second  cy- 
linders respectively,  may  be  adjusted  by  means  of  the 
compound  regulator  already  mentioned,  according  to 
the  position  of  the  lever.  In  the  first  half  of  its 
range,  steam  is  supplied  at  full  pressure  to  both 
cylinders,  when  the  lever  is  in  the  extreme  position  ; 
and  the  supply  to  the  second  cylinder  is  gradually 
reduced  until,  when  the  lever  is  mid- way,  the  supply 
from  the  boiler  is  shut  off  altogether  from  the  second 
cylinder,  whilst  it  is  continued  in  undiminished 
quantity  to  the  first  cylinder.  The  second  cylinder, 
of  course,  continues  to  draw  steam  from  the  receiver. 
In  the  second  half  of  the  range  of  the  lever,  the 
supply  to  the  first  cylinder  is  gradually  reduced,  until 
the  steam  is  entirely  shut  oil^  when  the  lever  is  at  the 
other  end  of  its  range.  When  steam  is  supplied  only 
to  the  first  cylinder,  the  supply  from  the  receiver  to 
the  second qrlinder  is  so  regulated  that  there  maybe 
little  or  no  drop  of  pressure^  as  between  the  two 
cylinders. 

There  are  two  reversing  levers,  whicli  may  be 
moved  together,  or  notched  up  separately,  in  order 
to  vary  the  cut-off  separately  in  the  two  cylinders. 
By  means  of  a  catch,  the  high-pressure  lever  is 
moved  and  dropped  into  the  position  for  foil  gear. 
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whenever  the  low-pxesstire  lever  is  thrown  into  fall 
gear. 

An  addition  to  the  tractive  power  of  the  looomo* 
tive  is  made,  without  materially  increasing  the 
weighty  hj  the  addition  of  a  small  anziliaiy  high- 
speed single-oylmder  steam-engine,  emplojed  to  drive 
the  wheels  of  the  following  oar:  thns  ntiUsing  the 
weight  of  the  oar  for  adhesion.  The  motion  of  the 
engine  is  oommnnioated  to  the  ear-wheels  hj  means 
of  a  oonpling  ohain,  which  passes  over  chain-poUeys 
fixed  on  the  shaft  of  the  engine  and  the  axles  of  the 
ear.  The  car  is  tincoapled  from  the  engine  by  slip- 
ping the  chain  off  the  pnlleys. 

The  locomotive  and  the  car  are  coupled  together, 
and  kept  at  a  regular  distance  apart,  with  an  adjust- 
able spring-buffer.  There  is  a  self-acting  motion 
whereby  the  brakes  of  the  car  are  applied  when  the 
engine  and  the  car  approach  each  other  within  less 
than  the  normal  distance  apart.  There  is  a  brake 
also  on  the  engine,  which,  to  avoid  complicatioB,  is 
omitted  firom  the  plans. 

To  prevent  steam  from  blowing-off  at  the  safety- 
valves,  the  heat  in  the  firebox  is  reduced  by  the  escape 
of  a  portion  of  the  gases  from  the  firebox  direct  to 
the  ehinmej.  The  escape  is  provided  for  by  a  fine, 
oonstmcted  in  the  crown  of  the  firebox,  fitted  with  a 
damper,  which  is  opened  and  dosed  according  as  the 
pressure  of  the  steam  in  the  boiler  rises  and  falls. 
This  damper  is  self-acting;  and  is  controUed  by  a 
piston  which  works  in  a  small  cylinder  open  to  the 
pressure  of  the  steam  in  the  boiler;  and  is  moved  to 
or  fro,  according  as  pressure  rises  above  or  below  the 
normal  force. 
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The  draught  through  the  tubes  is  equalised  by  the 
application  of  a  series  of  taper  nozzles,  having  the  form 
of  truncated  cones,  placed  vertically  in  the  smoke- 
box,  in  front  of  the  tube-plate.  Each  nozzle  draws 
the  gaseous  products  from  the  flue-tubes  nearest  to  it. 
The  exhaust-steam  is  discharged  upwards  through 
the  nozzles  into  the  chimney ;  and  it  becomes  inti- 
mately mixed  with  the  gases  which  are  drawn  into 
the  OQirent  by  induction,  at  the  various  levels ;  and 
is  thus  rendered  entirely,  or  for  the  most  part,  in- 
visible. At  the  same  time,  since  the  generatioii  of  ex- 
cessive local  draughts  through  the  tubes  is  prevented, 
there  is  a  much  less  proportion  of  dust  drawn  into 
and  ejected  from  the  chimney.  Indnction-noEzles 
are  employed  also  in  the  chimney^  in  order  still 
fbrther  to  intermix  the  gaseous  products  with  the 
steam. 

To  prevent  the  appearance  of  steam  from  the 
chimney  when  the  engine  is  started,  ae  well  ae  to 
render  noiseless  tiielieats  of  the  exhaust,  the  steam 

is  exhausted  into  a  receiver,  the  pressure  in  which  is 

maintained  nearly  constant  by  means  of  a  self-ad- 
justing exhaust-nozzle.  The  openinf,'  of  the  nozzle 
is  adjusted  to  the  quantity  of  steam  which  passes ; 
when  the  pressure  falls,  or  when  the  engine  is  stopped, 
the  nozzle  is  closed  automatically,  and  shuts-oiF  the 
exhaust,  until  exhaust-steam  is  again  discharged, and 
the  pressure  rises  in  the  exhaust-receiver. 
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TBAMWAY-CONDENSING    LOCOMOTIVE,  BY  ME.  L0FTU8 

PERKINS^  LONDON. 

* 

Plate  XIII. 

Me.  Pebkins  has  availed  himself  of  the  results  of  his 
experience  with  the  locomotive  at  Brussels,  already 
noticed,  page  328,  in  the  design  of  the  condensing 
locomotiTe,  Plate  XIII.  It  is  compactljr  arranged, 
within  a  length  of  10  feet,  a  width  of  7  feet^  and  a 
height  of  9  feet  8  inches  ahoye  the  level  of  the  rails, 
exdnsive  of  the  chimney,  which  is  ahont  18  or  14 
feet  high.  The  wheel-base  is  4  feet  8  inches  in 
length,  and  the  width  of  gauge  is  4  feet  8f  inches. 
The  boiler  and  the  engines  are  placed  side  by  side  in 
the  middle,  and  they  are  tianked  by  two  air-con- 
densers. The  motion  is  reduced  by  toothed  gearing 
from  the  crank-shaft  to  an  intermediate  shaft,  and  is 
thence  communicated  to  all  the  wheels  by  coupling- 
rods. 

The  boiler  is  vertical,  and  is  constructed  on  Mr. 
Perkins'  water-tube  system.  There  are  nine  tiers  of 
wronght-iron  tubes,  bent  to4Ui  oblong  form,  with  cir- 
cular ends,  2^  inches  in  bore»  and  |  inch  thick.  The 
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tiers  are  connected  yertically  by  abort  junction  tabes 
of  smaller  diameter.  The  boiler  is  *  absolntel  j  safe 
from  explosion.*  The  total  external  heating  surface 
presented  is  90  square  feet.  The  area  of  grate- 
surface  is  3  square  feet.  Thus  the  ratio  of  the  fire- 
grate area  to  the  heating  surface  is  1  to  30.  The 
pressure  of  steam  in  the  boiler  is  500  lbs.  per  square 
inch,  though  the  boiler  is  constructed  to  bear  a 
maximum  pressure  of  800  lbs.  per  square  inch.  The 
chimney  is  suflficient,  by  the  natural  draught,  for  the 
production  of  steam,  with  coke  as  fuel. 

The  engine  consists  of  two  single-acting  cylinders 
and  one  double-actiDg  cylinder.  The  single-acting 
cylinders  have  one  piston-rod ;  the  steam,  at  400  lbs. 
pressure,  being  admitted  above  the  piston  by  the 
first  and  smallest  cylinder,  3^  inches  in  diameter; 
then  expanded  into  the  second,  or  medinm,  cylinder, 
5^  inches  in  diameter,  below  its  piston ;  lastly,  ex* 
hassted  into  the  doable-acting  cylinder,  whi^  is 
7-^  inches  in  diameter.  The  first  and  second  cylinders 
thus  work  together  as  one  cylinder,  and  they,  with 
the  third  cylinder,  are  connected  to  a  crank-shaft, 
with  a  stroke  of  9  inches.  The  object  of  the  oombi- 
nation  of  the  first  and  second  cylinders,  and  working 
them  by  single  action,  is  to  prevent  the  exposure  of 
the  packing  round  the  piston-rod  to  the  extreme 
temperature  of  the  steam  as  first  admitted.  The 
steam  is  cut  off  in  the  first  cylinder  at  three-fourths 
of  the  stroke ;  and  whilst  its  initial  temperature  at 
400  lbs.  effective  pressure  is  about  450^  F.,  the 
pressure  falls  by  expansion  to  something  less  than 
300  lbs.  effective  pressure  when  the  steam  enters  the 
second  cylinder,  where  the  initial  temperature  does 
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not  exceed  420°  F.  A  sufHcieutlj  high  degree  of 
expaDsion  is  obtained  by  this  combination,  for  the 
working  Tolumes  of  the  cylinders  are  as  follows : — 

Arcn  of  piston 

Ist  cylinder    ....     7*67,  as  1 

1^1(1  *  do  2^-76,  3-23 

did   do.      44- id      in.  X  2  -  88-36,  as  11-52 

Setting  off  the  expansion  in  the  first  cylinder 
against  the  reduction  of  expansile  action  by  clear- 
ances, it  may  be  taken  that  the  steam  may  be  finally 
expanded  to  twelve  times  its  initial  volume  before 

Ix'iiif^  exhausted  into  the  condensers.  The  cylinders 
are  jacketed  with  steam  direct  from  the  boiler ;  the 
jackets  are  in  reality  coils  of  pipes,  of  small  bore, 
conducted  round  the  cylinders,  embedded  in  the 
castiiif^s.  The  engine,  boiler,  and  chimney  are 
entirely  enveloped  in  a  n on -conducting  casing  ot 
vegetable-bhick,  3  inches  thick. 

The  condensers  consist  each  of  a  great  number  of 
brass  tubes,  |  inch  in  diameter  outside,  and  6  feet 
long,  placed  vertically  on  a  hollow  base,  and  pitched 
at  a  distance  of  one  inch  between  centres.  The 
steam  is  exhausted  into  the  hollow  base  of  each  con* 
denser,  whence  it  freely  enters  the  tabes,  which  are 
nearly  closed  at  tiie  upper  ends,  leaving  only  a  very 
small  opening,  inch  in  diameter,  to  the  atmosphere. 
They  present  an  area  of  external  snrikce  eqnal  to 
1,500  square  feet,  of  which,  it  is  stated,  ISO  square 
feet  are  sufficient  for  the  formation  of  one  cubic  foot 
of  water  per  hour,  by  the  condensation  of  steam  as 
from  a  temperature  of  212**  F.,  or  atmospheric  pres- 
sure. The  total  quantity  of  steam  that  could  be  con- 
densed per  hour,  as  from  212^  F.,  would  thus  amount 
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to  10  cabic  feet  of  water,  which  affords  ample 
margin.  The  feed  is  drawn  from  the  condensation- 
water.  The  temperature  of  the  condensation  is  from 
210°  to  212°  after  the  water-supply  is  heated.  The 
back  pressure  in  the  condenser  is  about  IJ  lbs.  per 
square  inch  above  the  atmosphere. 

The  intermediate  shaft  is  geared  to  the  crank- 
shaft in  the  ratio  of  4  to  1,  to  make  one  turn  for  four 
of  the  crank-shaft,  and  the  motion  is  transmitted 
by  4-inch  cranks,  with  coupling-rods,  to  the  wheels, 
which  are  24  inches  in  diameter.  The  play  of  the 
springs  is  allowed  for  bj  a  slot  in  each  coapling-rod. 
The  axle-boxes  of  each  pair  of  wheels  are  united  into 
one  piece,  reaching  across  the  engine. 

The  weight  of  the  locomotiTe,  empty,  is  5^  tons, 
of  which  10  cwt.  is  contributed  by  the  condensers. 
The  weight,  in  full  working  order,  with  fuel  aud 
water  for  the  day's  work,  is  (»  tons. 

It  is  anticipated  that  vcr}-  economical  resnlt.s 
of  performance  will  be  obtained  by  the  use  of  this 
locomotive.  In  a  stutionary  engine  and  boiler 
constructed  on  the  same  system,  i8-indicatoi-  liorse- 
power  has  been  realised  with  a  consnmption  of 
30  pounds  of  coke  per  honr,  equivalent  to  1*67  pounds 
per  horse-power  per  honr.  The  waste  of  water  in 
the  engine  is  only  5  gallons  in  12  honrs. 

The  tramway  locomotive,  working  at  iull  power, 
will,  it  is  stated,  indicate  30  horse-power,  with  a 
consnmption  of  about  50  lbs.  of  coke  per  hour,  or 
17  lbs.  per  square  foot  of  grate  per  hour.  The 
Perkins  locomotive  for  tramways  is  manufactured 
by  Messrs.  Greenwood  &  Batley,  Leeds. 
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BISSELL-BOGIB  6TEAM-CAR,  BY  MB.  EDWARD  PEBEETT, 

LONDON. 

Mr.  Edward  Perrett  has  arrangeti  a  steam-car,  figs. 
121,  122,  in  which  the  machinery  is  placed  liprizon- 
taliy  under  the  frame,  aud  two  eertical  steam-boilers 
ate  placed  on  the  platform,  one  at  each  end  of  the  car, 
and  connected  togetiier.  The  weight  is  thus  equally 
distribnted,  and  the  car  is  run  either  end  foremost. 
The  car  mns  on  eight  wheels,  and  weighs  8  tons 
when  loaded,  of  which  5  tons  rest  on  the  fonr  middle 
wheels,  which  are  driven  bjthe  engine,  and  tons  is 
divided  between  the  fore  pair  and  aft  pair  of  wheels. 
These  wheels,  fore  and  aft,  are  arranged  as  Bissell 
trucks,  radiating  outwards  on  pivots,  and  they  are 
controlled  at  either  end  by  steering  gear,  so  tliat  tlte 
car  niav  !)♦'  takm  with  facility  off  the  road,  on  to  a 
branch,  or  vie  v<  r{«l.  Tlie  lixcd  wliccl-ba.st' — tliat  of 
the  driving-wheels — is  I- feet,  and  tlie  total  wheel-base 
is  17  feet.  The  two  cylinders  are  6  inches  in  diameter, 
with  a  stroke  of  9  inches;  the  coupled  driving-wheels 
are  27  inches  in  diameter,  and  the  bogie-wheels  are 
18  inches.  The  steam-boilers,  on  Broadbenf  s  system, 
are  25^  inches  in  diameter  oniside,  and  6  feet  long ; 
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the  firebox  is  20;  inches 
in  diameter  at  the  grate, 
giving  2*27  square  feet  of 
grate-axea  for  each  boiler. 

An  experimental  steam- 
ear  was  oonstructed  ou  this 
system,  with  5-inch  cylin- 
derSy  and  an  S-ineh  stroke ; 
27-inch  driying-wheels  at 
4-feet  centres,  and  19-inch 
bogie -wheels,  at  14-feet 
centres;  100  square  feet 
of  grate  for  each  boiler; 
total   \vei<^^ht   8    tons,  of 
which  5  tons  was  driving 
weight.     It  was  publicly 
tried  in  May  1870  ;  and  it 
is  reported  that  the  car 
ran  easily  on  a  circular  line 
of  35  feet  radius,  to  a  gauge 
of  4  feet  8i  inches,  with 
a  pressure  of  90  lbs.  per 
square  inch  in  the  boiler, 
cutting  off  at  5-8th8  of  the 
stroke;  though  it  was  ne- 
cessary to  get  up  the  pres- 
sure to  1 20  lbs.  per  square 
inch  before  starting  again. 
With  a  pressure  of  1 20  lbs., 
the  car  could  start  on  an 
incline  of  1  in  30. 
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CHAPTER  IX. 


DOUBliE-BOGlE  RTEAM-CAI?,  BY  MR.  A.  BROWN, 

WINTEETHUR. 

Mr.  A.  Brown,  of  Wiutertlnir  (Switzerland),  de- 
signed a  steaui-car  for  tranuvays.  on  the  princii»Ie  of 
Mr.  R.  F.  Fairlie's  donble-boi^^ie  railway  sttnnn-car- 
l  iaLTe.  An  illustration  of  his  oritrinal  desifirn  was 
published  in  '  Engineering,'  for  March  31,  187G.  He 
constructed  a  steam-car  on  the  same  sjstem,  on  a 
soTnowhat  modified  design,  which  was  put  to  work,  in 
1877, on  the  LansaTnie  and  Echellens  Branch  Railwsj 
—'a  *  Chemin  de  Fer  Regional* — for  local  traffic,  con- 
structed to  a  gauge  of  1  metre,  8*86  miles  in  length, 
and  laid  on  the  common  road,  which  inclines  upwards 
from  Lau9anne  to  Echellens.  The  ruling  inclines 
are  heavy ;  thej  are  as  follows : — 

Tti«t 

1  in  38  for  545 

1  in  40  „  578 
1  in  31  „  2m 
1  in  25    „  (>.*>.') 

2,014 

The  minimum  radius  is  100  metres,  or  330  feet ;  in 
stations,  it  is  60  metres,  or  200  feet. 
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The  car,  figs.  123, 124,  is  supporied  at  each  end  by 
a  four-wheel  Bwiyelling  bogie.  The  engine  with  its 
boiler  complete  is  supported  on  one  of  the  bogies, 
the  wheels  of  which  are  coupled,  and  constitute  the 
driving  wheels ;  the  locomotiye  is  lodged  in  one  end 
of  the  car,  where  it  is  wholly  masked  by  the  surround- 
ing portion  of  the  car,  and  is  free  to  revolve  on  its  axis. 

The  main  framing  of  the  car  is  of  joist  iron,  at 
Stich  a  level  that  the  floor  of  the  car  is  only  19  inches 
above  the  level  of  the  rails.  The  car  is  divided  into 
three  portions  — the  saloon  furnished  with  longitu- 
dinal seats,  upholstered,  for  24  passengers ;  the 
pavilion  at  the  hind  end,  over  the  hind  bogie,  as  a 
smoking  department,  for  7  passengers ;  and  the  upper 
story,  or  imjierial,  to  which  a  staircase  leads  from  the 
pavilion,  with  seats  for  -^0  passengers.  Thus,  accom- 
modation is  provided  for  Gl  passengers  in  all. 

The  following  are  the  leading  dimensions  of  the 
steam-car : — 


Car:--  M  Inclm 

Length  oviT  all   42  3^ 

Kxireme  breadth   7  f  ^ 

Height   14  1 

Diameter  of  bogie-wheels  of  ear            .  1  6| 

Wheel-Vue  of  bogie   4  0 

Distance  between  centres  of  bogies  .      .  90  4| 

Engine:— 

1  )i!iniHt(  r  of  stcniu-cylinders      .       .       .0  0^ 

Length  of  stroke  10 

Diameterof  coupled  wheels  .  .  .2  3^ 
Length  of  wheel-base       .      .      .  .41 

Diameter  of  boiler  2  3^ 

Length  of  flue>tubee  4  7 
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Bqnnrc  feel 

Area  of  fire-grate  2*36 

Seating  surJace : — Fire-box     ...  20 

Tubes  .      .      ,  .130 
Total  .      .      .      .  IscT 


Pressure  of  !«t«am  in  boiler  (per  square  inch)  180  lbs. 
Capacity  of  water-tanka    ....     liiO  gallons 


Do.     coal-buukers  .... 

5  cwt. 

Weight : — 

Tons 

En^ne,  empty  

6 

Do.    ID  working  order .... 

6 

^ 

Kngiue  aiid  eiupty  cur  .... 

Total  wei^t  in  working  ord«r,  with  61 

passengers,  and  luggage 

16 

Driving  weight,  when  the  car  is  fully 

10 

Net  weight  of  engine  and  car,  in  working 

order,  per  passeng^'r  .... 

3-77  cwt 

Ma.\iniuin  load  per  driving  axle 

6 

Do.      do.  per  free  axle 

3 

On  Sundays,  600  persons  bave  been  carried  in 
eigbt  trips,  being  75  passengers  at  a  time.  The 
greatest  number  taken  at  a  time  was  120.  It  is 
stated  that  the  ordinary  speed  was  about  9  miles  per 
bour,  but  speeds  of  about  19  miles  per  hour  have 
been  attained  on  a  level.  The  car  may  be  stopped 
on  the  steepest  gradients  within  from  lo  to  20  feet. 
It  is  reported  that  the  en«jfine  has  never  slipped  her 
wheels,  even  in  the  most  unfavourable  weather — in 
snow,  ice,  or  fog.  The  fuel,  ^Saarbruck  coal,  has  been 
consumed  at  the  rate  of  11',  lbs.  per  mile,  or  '72  lb. 
per  ton-gross  per  mile.  The  daily  expenses  for  work- 
ing the  steam-car  at  Lausanne,  doing  29  miles  per 
day,  have  been  as  follows :  — 
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$.  d. 

1  eii|rine  driver  0  4 

1  stoker  2 

1  couductor  3  2 

OoaI(8cwt.)    .....      4  9 

Greftse,  oil,  &e.  17 

18  7 


or,  7'7d.  per  mile. 

It  is  8tat<»d  that  if  the  steam-car  were  worked 
orer  a  nearly  level  road,  it  could  easily  make  80  miles 
a  day,  at  a  daily  expense  of  25<.,  equivalent  to 
Z\d,  per  mile  run.  But  in  this  charge  there  is  no 
element  for  maintenance.  The  price  of  the  steam- 
car  is  1,0002.* 

'  The  above  parti(Mi]ars  of  the  stenm-car  are  taken  firom 
£nffineennfff  for  August  10,  1877,  p.  108. 
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DOUBLE-BOGIE  STEAH-CAS»  BT  MB.  W.  R.  BOWAK, 

G0PENHA6EN. 

Mk.  W.  B.  Rowan,  of  Copenhagen,  has  designed  a 
steam-car  for  tramways,  fig.  125,  resembling  Mr. 
Fairlie*8  8te»m*carriage,  and  Mr.  Brunner's  car,  in 

general  arrangement. 

Mr.  Rowan,  however,  not  recognising^  the  prin- 
ciphi  of  Mr.  Fuirlie's  steam-carriage,  reverts  to  the 
American  railway-carriage,  or  car,  for  his  proto- 


Fio.  125.   DonUe-Bogie  Steum-car,  hj  Mr.  W.  R.  liowan,  1877. 

Scale,  jjj. 


type,  'the  bodj  resting  on  two  bogies  or  nnder- 
carriages  * ;  and  *  with  a  view  of  affording  a  suitable 
place  in  which  the  engine  may  stand,'  he  naively 
explains  that  *  the  pin  of  one  of  the  bogies  is  made 
hollow  and  enlarged  to  seyeral  feet  in  diameter, 
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instead  of  being  a  mere  pin  of  metal,  and  in  this 
hollow  pin  is  fixed  the  engine,  which  acts  directly 
npon  the  bogie-wheels  undemeathy  and  thus  sets  the 
whole  carriage  in  motion.  It  is  evident  that  the 
enlargement  of  the  bogie-pin  will  not  affect  the 
rcTolving  movement  of  the  carriage  body  upon  it ; 
nor  will  the  engine  in  this  position  interfere  with 
the  anangoinents  for  ascending  and  descending  to 
or  from  tlie  upper  seats  of  the  car  at  either  end/  * 

There  need  not  be  any  doubt  of  the  feasibility  of 
the  system.  It  was  amjtly  tested  on  a  working  scale 
by  Mr.  Fairlie  many  years  ago.  The  engine  may  be 
readily  detachable  from  the  body  of  the  car,  when 
required,  by  the  aid  of  a  temporary  crutch  lowered 
to  support  the  free  end  of  the  car. 

Mr.  Bowan  condenses  the  exhaust-steam  by  sur- 
face-condensation in  a  sheet-iron  chamber,  which  is 
traversed  bj  a  number  of  tubes,  either  flat  or  ronnd, 
from  end  to  end.  The  steam  is  exhausted  into  the 
chamber,  surrounding  the  tubes;  and  is  condensed 
by  currents  of  cold  air  from  a  fan  driven  through 
i^e  tubes  on  its  way  to  the  furnace.  By  this  means, 
the  air  may  be  heated  to  190°  or  200**  F.,  whilst  the 
steam  is  etfectively  condensed,  and  the  condensation- 
water  is  pumped  again  into  the  boiler.  Mr.  Rowan 
considers  that  from  1,000  to  2,000  square  feet  of 
condensing-surface  is  sufficient  for  an  engine  of  from 
15  to  25  horse-power. 

The  steam-car  last  constructed  by  Mr.  Bowan  is 
32  ieet  long,  over  all,  built  of  teak,  excepting  the 
side-soles  and  the  roof.   It  is  made  to  seat  60  pas- 

*  T%t  Employment  of  Meehankul  Moton  on  Trammoyi,  By 
W.  R.  Rowan,  O.E.  \  1877. 
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sengers  inside  and  outside.  The  only  entrance  is 
at  the  hinder  end.  The  engine  is  capable  of  work- 
ing to  18  horse-power,  with  a  pressure  in  the  boiler 
of  150  lbs.  per  square  inch.  The  cars  easily  pass 
on  curves  of  45  feet  radius,  and  can  surmount  a  gra- 
dient of  1  in  20.  The  total  weight  of  the  car  and 
engine  is  5  tons.  Mr.  Bowan  gives  the  following 
comparative  statement  of  the  *  working  elements' 
of  a  horse -ear,  a  car  drawn  by  a  separate  engine, 
and  his  steam-car : — 


OOICPARATIVB  *  WOBKINO  ElBMBNIB  *  FOR  HOBBB-POWBB 
AND  SIBAX-POWBB,  OV  TraXWATB. 


Number  of  paBsengen 

Do.       servants  . 
Length  of  street  occupied  . 
Gross    weight,  including 

pasaengerB 
Weight,  without  paasen- 
gers  .... 
Maximum  weight  on  any 
wheel,  with  groes  load  . 
Maximum  woi<rlit  on  iiny 

wheel,  without  load 
Dead  weight  per  passenger . 
)  Greatest  weight  on  driving- 
I     whtM'ls,  with  full  load 
!  Greatest  weight  on  driving- 
i    wheels,  without  load 
.  Horse-power  for  baulapre  . 
'  Steep«\«t  workii^  gradient 
for  long  runs  . 


Gvdnwn  by  • 
■epaiito  engine 


40 

2 

35  feet 
S^tona 

n  n 

im  „ 

•625  „ 
1^  cwt. 


2h.|». 

1  in  80 
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On  the  results  of  the  trials  of  his  steam-car, 
Mr.  Bowan  bases  an  estimate  of  the  comparatiTecost 
of  working  tramway  traffic  on  his  system,  and  by 
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ordinary  horse-traction,  assuming  that  the  saving  in 
tear  and  wear  of  stock  on  his  system  is  balanced  by 
the  increase  in  the  wear  of  the  road,  and  leavin^]^, 
tlierefore,  these  causes  of  expenditure  out  of  the 
account : — 

BUam^oin. — 2)at7y  Expentes, 

Kroner  #.  4. 

1  enginemaii    ....  7  60  or  8  3| 

?  reserve  do   1 0'^  „  1  ^ 

icleftoer   1  „  ^  H 

Coke   !>(K>  „  10  0 

Oil,  tallow,  wiuste,  il'c.      .       .  l  .'iO  „  1  8 

Sundry  petty  expenses    .      .  2  t)0  ,,  2  0 

"22-60   or  0~ 

Allowing  a  day's  work  of  12  Danish  miles,  or 
56*16  English  miles,  the  expenses  are  equiyalent  to 
5*34<2.  per  English  mile,  or  to  *09<2.  per  passenger 
per  mile. 

2nd,  HortC'^rs. — Daily  Expenses, 

The  cost  for  horrfc-power  to  the  Copenhagen 
Trtimvvay  Com{)any,  in  1874,  anioiintod  to  2*10 
kroner  per  Danish  mile,  or  6d,  per  English  mile  ;  for 
a  car  seated  for  40  passengers,  equivalent  to  'I5d, 
per  mile. 

From  these  statements,  it  appears  that  the  ex* 
pense  of  working  with  the  steam-car  would  be  abso* 
lutely  less  by  *66(2.,  or  12|  per  cent.,  and  that  per 
passenger  it  wonld  be  less  by  40  per  cent.,  supposing, 
of  course,  that  full  loads  were  taken  in  each  case. 
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In  endeavouring  to  sum  up  the  achievements  of 
tramway  practice,  and  to  prognosticate  the  future  of 
tramways,  it  must  be  renionibered  that  their  monpy- 
earning  capacity  is  something  very  remarkable. 
It  amounted,  in  1876,  to  33  per  cent,  of  the  capital 
outlaj.  The  next  remarkable  thing  is,  the  excessively 
large  working  ezpenditore : — it  absorbs  three-fourths 
of  the  earnings.  From  the  analyses  of  working 
expenses  which  have  been  made,  it  is  sufficiently 
dear  that  the  defective  point  in  the  service  is  the 
supply  of  tractive  power.  A  horse  is  a  very  good 
motor  for  turning  a  gin  or  drawing  a  cart  $  he  is  out 
of  place  on  a  ti*aniway.  What  is  a  tramway  9  It  is, 
or  ought  to  be,  a  pair  of  hard,  smooth,  regular,  and 
firm  hsLTB  of  iron,  or  of  steel,  laid  in  the  street,  to  be 
traversLMl  by  heavily-laden  passenger-cars,  much 
heavier,  certainl}',  than  the  light  clnstic  oniTiibus, 
or  the  holiday  drag.  As  tlie  omnibus  is  a  fitting 
load  for  a  pair  of  horses,  the  tram  car  is,  and  must 
be,  too  great  a  load  for  a  pair  of  horses.  True,  the 
frictional  resistance  of  trauivvajs  is  less  than  that  of 
common  street-surfaces.  But  that  is  not  everything. 
The  resistance  of  gravity  on  ascending  inclines  is 
just  as  much  for  tramways  as  for  pavements,  and  the 
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labour  required  for  starting  a  tram-car  is  much  more 
severe  than  that  required  for  an  omnibus.  In  a  few 
words,  the  employment  of  horses  on  tramways  is  a 
misfit  and  a  barbarism;  and  when  the  inertia  of 
prejudice  has  become  exhausted,  the  civiliser — 
mechanical  power — will  duly  replace  the  liorse  as  a 
motor. 

Tbe  horse-servioe  is  not  onlj  a  misfit^  it  is 

expensive  also.  It  costs,  on  an  average,  56  per  cent, 
of  the  total  expenditure,  or  41  per  cent,  of  the 
Teceipts,  amounting  to  13^  per  cent,  annuallj  on  the 
capital  ontlay.  In  absolate  money,  the  average  cost 
is  6^(2.  per  mile  run  by  cars.  Add  to  this  amount 
1(2.  per  mile  for  wages  of  drivers  and  pole-shifters, 
and  the  total  charge  for  running  expenses  amounts 
to  7 \d.  per  mile-run. 

The  question  now  is,  what  is  to  be  the  cost  for 
mechanical  power There  are  many  minds  at  work 
on  this  problem.  It  has  already  been  settled  by 
experience  that  the  ordinary  running  ex[)enses  for 
steam-power  on  tramways — and  no  other  motor  need 
meantime  be  taken  into  the  comparison — can  be  met 
for  3d.  per  mile-run.  The  charge  for  maintenance 
and  renewal  of  the  steam-motor  is  yet  to  be  settled 
by  experience;  but  it  may  be  estimated  approxi- 
mately as  in  proportion  to  the  quantity  of  fuel 
consumed  per  mile-run,  relatively  to  loeomotivra  on 
railways.  It  appears  that,  in  the  year  1876,  the 
average  cost  for  repair  and  renewal  of  locomotives  on 
railways  was  at  the  rate  of  8^<^  per  train-mile  run ; 
and,  taking  the  maximum  quantity  of  fuel  consumed 
per  mile-run  by  a  tram-locomotive,  with  a  car,  as 
8  lbs.  per  raile-run,  against,  say,  32  lbs.  per  mile-ruu 
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by  railway  trains — ^in  the  ratio  of  1  to  4-~it  is  safe  to 
tatey  for  estimation,  the  cost  for  repair  and  renewal 
of  tramway  looomotives  at  a  fonrth  of  '^^d.,  or  *81<2. 
per  mile.  Allowing  \d.  per  mile,  the  total  cost  for 
steam  motive-power  on  tramways  may  be  taken  at 
Ad.  per  mile-run,  as  against  7ir/.,  the  cost  fur  horse- 
power. The  difference — 3J(i.  per  mile — amounts  to 
22  per  cent,  of  the  receipts,  and  to  7^  per  cent,  per 
year  on  the  capital  cost. 

It  thus  appears  that  the  saving  by  the  substitution 
of  steam-power  for  horse-power  on  tramways,  would 
afford  a  dividend  of  7^  per  cent,  on  the  actual  capital 
erpenditare.  The  prospect  is  even  better  than  this, 
for  the  tramways  to  be  constructed  in  the  fatoie  will 
be  made  at  a  mnch  more  moderate  outlay  than  the 
pioneer  tramways,  which,  like  many  of  the  earlier 
railways,  were  constmcted  mainly  for  the  promotion 
of  private  interests.  The  average  cost  of  eleven 
tramways,  traversing  180^  miles  of  street,  was  shown 
to  have  amonnted  to  nearly  £19,000  per  mile,  double 
way,  works  and  plant — an  unreasonably  large  sum, 
half  as  much  as  the  cost  per  mile  of  the  railways  of  the 
United  Kingdom.  A  tramway  can  be  e<»nstructed  and 
stocked  for  two-thirds  of  that  sum,  or  say,  £\  *],000 
per  mile  of  double  line,  inelnding  the  sum  of  £5,000 
for  paving.  Upon  this  outlay,  the  proportion  of  the 
gross  receipts  woold  rise  to  about  50  per  cent,  per 
annum  on  the  capital.  Financiers  can  complete  the 
calculation,  to  prove  the  excellent  prospects  of  tram- 
ways as  dividend-earning  properties. 

In  the  mechanical  detail  of  tramways  and  cars 
there  is,  no  donbt,  room  for  improvement.  The 
matter  of  the  way  has  already  been  discussed  at 
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length.  Cars  shotild  be  constructed  on  double  bo^es 
— or,  still  better,  on  radiating  axles — with  loose 
wheels,  for  the  easy  passin<^  on  curves  and  the  niini- 
misin<^  uf  tractional  resistance,  and  they  should  be 
placed  on  a  wheel-base  of  sufficient  length  to  secure 
steadiness  of  movement.  The  short  wheel-base  now 
in  vogue — 5  or  6  feet — is  absurdly  limited.  The 
pitching  movement  and  the  shambling  pace  of  tram- 
cars,  nnse  yeiy  mnch  from  the  shortness  of  the  base, 
aod  they  are  causes  of  considerable  resistance  and 
extra  stresB  on  the  way  and  the  cars.  Draw-spiingB 
shonld  be  applied  to  the  cars,  and  the  wheels  should 
be  large,  although,  for  bogies,  it  may  not  be  oonve- 
nient  to  employ  wheels  of  much  larger  diameter 
than  those  now  in  nse.  The  results  of  the  perform-  . 
ance  of  the  Paris  omnibus  car,  of  Mr.  Eade's  car, 
and  of  Mr.  Cleminson's  car,  point  to  the  material 
advantages  that  maybe  hoped  for  by  starting  afresh, 
from  a  new  point  of  view,  and  recasting  the  design 
of  the  tram-car.  The  results  of  Mr.  H.  P.  Holt's 
experiniciitiil  investi«ifations  of  the  tractional  resist- 
ance of  tramways,  when  these  are  completed,  will, 
there  is  no  doubt,  prove  of  great  practical  value  for 
the  improvement  of  tramway  exploitation. 

In  the  scheming  of  the  mechanical  motor  by 
steam,  engineers  have  enjoyed  the  advantages  ac- 
corded by  railway  experience ;  for,  in  its  fundamental 
aspects,  tiie  tramway-locomotive  may  be  said  to  have 
come  ready-made  to  their  hands.  For  all  that,  there 
has  been  a  great  deal  to  do,  and  something  remains 
to  be  done,  in  applying  steam-power  as  a  tram- 
way motor,  in  the  working  out  of  which  there  is 
bcope  for  nice  design  and  adaptation.    It  is  scarcely 
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worth  anyone's  while  to  boast  of  employing  the 
railway  locomotive  in  its  iute^]frlty  as  a  tramway 
engine:  that  is  easily  done.    But  the  productioa 
of  a  noiselesBy  yapourless,  smokeless,  and  handj 
machine  is  a  problem  of  another  order,  for  the 
eolation  of  which  railway  experience  fails  to  furnish 
a  precedent.   The  success  which  has  been  attained 
in  the  employment  of  mechanical  traotion,  by  steam, 
on  tramways,  and  the  prominent  position  it  occupies 
to^lay,  have  certainly  not  been  attained  per  eoZtom. 
They  are  the  outcome  of  patient  industry,  intelligent 
study,  and  liberal  pecuniary  outlay ;  combined  with 
a  determined  resistance  to  the  opposition  of  preju- 
dice and  of  narrow  interests.    First  in  ord^T,  and 
foremost  in  practical  performance,  is  the  ^ferry- 
weather  engine,  which  has,  in  considerable  numbers, 
been  doing  effective  service  on  the  tramways  of 
Paris,  during  the  last  two  years,  causeless  of  annoy- 
ance or  hindrance  to  the  ordinaiy  traffic  of  the 
streets.    It  is  also  in  regular  work  in  popular 
thoroughfares  elsewhere  in  France,  as  well  as  in 
Crermany,  Spain,  Portugal,  and  Holland;  and  even 
in  New  Zealand  and  other  colonies.  Advantages 
thus  enjoyed  abroad,  cannot  long  be  denied  to  the 
United  Kingdom,  by  suitable  legislation.  Tramway 
practitioners  only  want  fair  play,  unliampered  by 
churlish  regulations  and  by  the  repressiveness  of 
uniutelligeut  couservatism. 
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TRAMWAY  LEGISLATION. 

Bt  the  decisions  of  the  Examiner  and  of  the  Stand- 
ing  Orders  Committee  of  the  House  of  Lords  on  the 
Liyerpool  Tramway  Bill  of  1866,  it  is  rendered 
necessary  for  promoters  of  tramways  to  deposit  plans 

and  sections  of  their  proposed  undertakings. 

Tjie  TfiAiiwAYs  Aci,  1870. 

Paet  L   Ssotiok  4. 

Sub'SecUon  1. — Provisional  orders,  anthorising^ 
the  constraction  of  tramways  in  any  district,  may  be 
obtained  by  the  Local  Anthority  of  any  district. 

8vh-8edion  2.-^  Power  is  g^yen  to  any  other 
persons,  with  the  consent  of  the  Board  of  Trade  and 
the  Local  Authority ;  not  otherwise. 

Section  7. — Power  is  g'iven  to  the  Board  of 
Trade  to  consider  the  appliciitiou,  and  auy  objec- 
tions that  may  be  lodjifed  thereto. 

Section  8. — Wliere  it  appears  to  the  Board  of 
Trade  expedient,  they  may  make  a  Provisional 
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Order,  and  sack  order  shall  empower  the  promoters 
to  make  the  tramways  upon  the  gauge  and  in 
manner  therein  described,  and  shall  contain  such 
provisions  as  (subject  to  the  requirements  of  the 
Act)  the  Board  of  Trade,  according  to  the  nature  of 
the  upplication  and  the  facts  and  circumstances  of 
each  case,  shall  think  fit ;  but  such  order  is  not  to 
contain  any  provision  for  acquiring  lands,  except  to 
an  extent  therein  limited,  and  only  then  by  agree- 
ment, or  to  construct  a  tramway  elsewhere  than 
along  or  across  a  road,  or  upon  land  taken  by 
agreement. 

Section  9. — Tramways  shall  be  constructed  as 
near  as  may  be  in  the  middle  of  the  road,  and  sha 
not  be  so  laid  that,  for  a  distance  of  30  feet  or 
upwards,  a  less  sur&ce  than  0  feet  0  inches  shall 
interyene  between  the  outside  of  the  footpaths  on 
either  side  of  the  road,  and  the  nearest  rail  of  the 
tramwaj,  if  one-third  of  tl^e  owners  or  one-third  of 
the  occupiers  of  the  houses,  shops,  or  warehouses 
abutting  upon  the  part  of  the  road  where  such  less 
space  shall  intervene,  as  aforesaid,  express  their 
dissent  from  any  tramway  being  so  laid. 

Section  10. — The  nature  of  the  traffic  on  the 
tramway,  and  the  tolls  to  be  taken,  are  to  be  specified 
in  the  Provisional  Order. 

Section  12. — The  Provisional  Order  is  not  to  be 
granted  until  tlie  promoters  deposit  in  the  bank,  as 
there  prescribed,  a  sum  of  not  less  than  4  per  cent, 
upon  the  estimated  expense,  or  security  of  equal 
value  ia  deposited. 

Seotioh  14. — Such  Provisional  Order  is  to  have 
no  effect^  unless  confirmed  by  Act  of  Parliament,  and 
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to  be  open  to  parties  to  petition  against  the  Act  and 
to  appear  and  oppose  the  Bill  in  Committee. 

Section  16. — The  Board  of  Trade  may  revoke, 
amend,  extend,  or  varj'  such  Provisional  Order  by  a 
further  Provisional  Order,  but  the  application  for 
every  such  Provisional  Order  will  be  subject  to  the 
same  conditions  as  the  former  Provisional  Order, 
and  will  require  its  confirmation  by  an  Act  of  Parlia- 
in^t* 

Section  18. — If  the  promoters  do  not  complete 
fhe  ianmway  and  open  it  for  public  traffic  within 
two  years  from  the  date  of  the  order,  or  witiiin  any 
shorter  period  prescribed  in  the  order ;  or  if,  within 
one  year  from  either  of  those  times,  the  works  are 
not  substantially  commenced,  or,  if  commenced,  are 
suspended  without  a  reason  sufficient  in  the  opinion 
of  the  Board  of  Trade,  the  powers  given  by  the  order 
shall  cease,  except  as  to  so  much  of  the  same  as  is 
then  completed,  unless  the  time  be  prolonged  by  the 
Board,  and  as  to  so  much  of  the  same  as  is  then 
completed,  the  Board  may  allow  the  powers  to  con- 
tinue and  to  be  exercised  if  they  think  lit;  but, 
failing  such  permission,  then  so  much  of  the  tram- 
way as  is  then  completed  shall  be  deemed  to  be 
discontinued,  and  dealt  with  according  to  the  pro- 
visions relating  thereto. 

Seotion  19. — ^When  a  tramway  has  been  made  by 
a  Local  Authorify,  or  possession  has  been  acquired 
by  a  Local  Authority,  they  may,  with  the  consent  of 
the  Board  of  Trade,  lease  to  any  person  the  right  of 
use  thereof,  and  of  demanding  and  taking  authorised 
tolls  and  charges,  or  the  Local  Authority  nuiy  leave 
such  tramways  open  to  be  used  by  the  public,  and 
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may,  in  respect  of  such  cases,  take  the  tolls  and 
charges  authorised ;  but  no  Local  Autliority  can 
place  or  ran  carriages  upon  such  tramways,  and 
demand  and  take  tolls  and  charges  in  respect  of  the 
use  of  such  carriages.  Everjr  such,  lease  shall  be  for 
a  term  not  exceeding  twenty- one  years,  and  at  its 
erpiration  such  lease  may,  with  the  consent  of  the 
Boftrdy  be  renewed  for  a  further  term  not  exceeding 
in  any  case  twenty-one  years ;  the  lease  to  be  void  if 
the  lessees  discontinue  the  working  of  the  tramway 
leased. 

Pabt  n.  of  the  Act  relates  to  the  constrnotion  of 
tramways* 

Section  25. — ^The  mode  of  formalion  of  tram- 
ways is  set  out.    If  no  gauge  is  prescribed,  the 

gauge  is  to  be  such  as  to  admit  of  the  use  on  such 
tramways  of  carriages  constructed  foi-  use  upon 
railways  of  a  gauge  of  4  feet  8 J  iiulies.  They 
are  to  be  laid  on  a  lerel  with  the  surface  of  the 
road. 

Section  26. — Power  is  giyen  to  break  up  streets. 

Section  27. — ^Provision  is  made  for  the  comple- 
tion of  the  works  and  the  reinstatement  of  the 
road. 

SsOTioir  28. — ^Provision  is  made  for  the  repair  of 
the  part  of  the  road  where  the  tramway  is  laid. 

Sbotion  29  authorises  the  road  authority  and 
the  promoters  to  contract  for  paving  roads  on  which 
tramways  are  laid. 

Section  30  makes  provision  aa  to  gas  and  water 
companies. 

Section  31  provides  for  the  protection  of  sewers, 
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Section  32  preserves  the  rights  of  authorities 
and  companies,  &c.,  to  open  roads. 

Section  33  provides  for  the  settlement  of  any 
difference  that  may  arise  between  the  piomoters  and 
the  road  authority  by  reference  to  an  engineer  to  be 
appointed  by  the  Board  of  Trade. 

Pabt  III.  contains  general  provisions: — ^oaA^  as 
to  carriages. 

Seotioit  84. — ^The  promoters  are  to  have  the 
ezdosiye  use  of  the  trammys  for  carriages  with 
flange-wheels  or  other  wheels  suitable  only  to  ran  on 
the  prescribed  rail,  and  shall  be  moTed  by  the  power 
prescribed  by  the  Act ;  and,  where  no  such  power  is 
prescribed,  by  auimal  power  only,  &c.  No  carriage 
shall  extend  beyond  the  outer  edge  of  the  wheels  of 
such  carriage  more  than  11  inches  on  each  side. 

Section  o5. — Licenses  to  use  the  tramways  may, 
if  the  Local  Authority,  or  twenty  inhabitant  rate- 
payers, satisfy  the  Board  of  Trade  that  the  public  are 
deprived  of  the  full  benefit  of  the  tramway,  be 
granted  to  third  parties  by  the  Board  of  Trade  on 
the  conditions  in  the  section  therein  set  out.  Then 
foDow  sections  to  enforce  payment  of  tolls,  and  as  to 
licenses. 

SsoTioir  41  relates  to  the  discontinuance  of 
tramways.  If  the  working  of  a  tramway,  or  of 
any  part  thereof,  is  discontinued  for  the  space  of 

three  months  (such  discontinuaiice  not  being  occa- 
sioned by  circumstances  beyond  the  control  of  the 
promoters),  the  powers  of  tbe  promoters  in  respect 
c>f  such  disused  tramway,  or  portion  thereof,  may  be 
determined  by  an  order  of  the  Board  of  Trade.  At 
any  time  alter  two  months  from  the  date  of  such 
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order,  the  road  authority  may  remove  the  disused 
portion  of  tramways  at  the  cost  of  the  promo- 
ters. 

Section  42  relates  to  the  insolvency  of  pro- 
moters. The  Board  of  Trade  may,  on  finding  that 
the  jKromoters  are  insolrent^  make  an  order  declaring 
that  the  powers  of  the  promoters  shall  cease  at  the 
ezpuration  of  six  months  from  the  date  of  the 
order,  unless  the  same  are  purchased  by  the  Local 
Authority,  who  may,  in  that  event,  remove  the 
tramway  at  the  cost  of  the  promoters. 

Sections  43  and  44  relate  to  the  purchase  and 
sale  of  tramways. 

Section  46  enables  the  Local  Authority  to  make 
bye-laws  as  to  the  rate  of  speed,  the  clear  distances 
between  any  two  carriages  travelling  on  the  same 
line  of  rails,  the  stopping  of  can-iages  using  the 
tramway,  and  the  traffic  on  the  road  in  which  the 
tramway  is  laid. 

Section  48  gives  the  Local  Authority  power  to 
license  the  drivers  and  conductors. 

Section  54. — ^Any  person,  not  duly  authorised, 
using  a  tramway  with  carriages  having  flange- 
wheels,  or  other  wheels  suitable  only  to  run  on  such 
tramway,  becomes  liable  to  a  penalty  not  exceeding 
twenty  pounds. 

Section  62  reserves  the  right  of  the  public  to 
pass  along  or  across  any  part  of  a  road  in  which  a 
tramway  is  laid,  whether  on  or  uii"  the  tramway, 
with  carriages  not  having  flange-wheels. 
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Thb  Traxwats  Obdbbb  OoNFZBxmoir  Aon. 

Tliiit  Provisional  Orders  made  by  the  Board  of 
Trade  under  the  authority  of  the  Tramways  A.ct, 
1870,  may  acquire  validity  and  force,  they  must  be 
confirmed  by  special  Acts  of  Parliament.  These  are 
distinguished  as  *  Tramways  Orders  Coniirina.tioii 
Acts/  by  which  the  Oi^ders  set  out  in  the  schedules 
to  the  Acts  respectiyely  are  confirmed. 


UflB  OF  MnirAirrwAT.  PoWBB  OV  TbAJCWATS. 

A  Select  Committee  of  the  House  of  roiniiH»n5 
collected,  early  in  1877,  a  mass  of  evidence  ou  the 
use  of  mechanical  power  on  tramways,  which  was 
printed  with  their  Beport  in  the  same  year.'  No 
action  has  yet  (February  1878)  been  taken  on  their 
Beport,  although  it  was  fovonrable  to  the  use  of 
mechanical  power.  A  morement  is  now  in  pxogiesa 
by  those  interested  in  tramways  with  a  view  to  urge 
upon  the  Government  the  importance  of  legalidn^ 
the  employment  of  mechanical  power  on  tramways. 

^  '  Koport  from  the  Select  Commit teo  (in  Tramways  (Uae  of 
Mechanical  Power),  with  Iklinutea  of  Evidence,'  April  1877. 
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ADELAIDE  Tramways,  Mr.  Kin- 
caid's  system  for,  83 
Anrers,  tramways  at,  181.'183 
Axle-boxes  of  tram-cars,  275,  286 


BALDWIN   Locomotive  Works, 
steam-car  constructed  at,  3ii  ; 
cost  of  running  it,  212 
Barcelona,  Messrs,  Merry  weather  & 

Sons'  locomotives  in,  lifll 
Bsirker,  Mr.  Benjamin  ;  his  system 
of  iron  way  at  Manchester,  137  ; 
cost,  LLl  :  his  system  for  light 
traffic,  Lt2 ;  his  groove,  2111 ;  his 
iron  substructuri",  207 
Baxter,  steam -car  by,  221 
Beaumont,  Major,  his  compressed- 
air  car,  3&h 
Dinle  &  Co,  hot-water  steam-car  by, 
2afi 

Belfast  Harl)our  Tramway: — Li- 
zars'  way,  Ifii;  Salmond's  way, 
IM 

Belfast  Tramwavs: — Construction, 
bl 

Beloe,  Mr.  Charles,  Southport 
Tramways  designed  by,  121 ; 
Wirral  tramway  by,  12ii;  now 
double-rail  system  by,  133.  211i 

Birkenhead,  Train's  tramway  at, 
Ifi;  length,  2& 

Block  -  sleeper,  Mr.  Cockburn  - 
Muir  s,  2^ 


CAR 

Boston,  cast-iron  tram-rails  in,  lH 
Brakes  of  tram-cars,  276.  2M 
Brevoort,  Mr.  IL  L.,  test  of  loco- 
motive by,  213 
Bristol  Tramway :  —  Construction, 

83,  117  ;  cost,  12Q. 
Brompton,     West,    trial   of  the 

Grtintham  steam-ciir  at,  323 
Brown,  Mr.  A.,  steam-car  by,  406 
Brussels,  Mr.  Loftus  Perkins'  con- 
densing locomotive  in,  22a 
Brussels,  tramways  in,  179 ;  sec- 
tions of  rails,  IM ;  cost,  lfi2 
Buel,  Mr.  R.       test  of  locomotive 
by,  2ia 

Buenos  Ayres,  tramway  system  of, 
14  ;  Livesey's  system,  H  ;  Cock- 
burn-Muir's  system,  Zfi 


lARS,  steam.  See  Steam-cabs 
'  Cai*s,  tramway,  221 ;  original 
car,  214  ;  weight  of  cars,  by  Mr. 
Martineau,  2i8  ;  '  dead-weight,' 
281);  inside-and-outsido  car,  by 
the  Metropolitan  Railway  Car- 
riage and  Waggon  Company, 
282  ;  inside  car,  by  the  Starbuck 
Car  and  Waggon  Company,  ; 
ratlial-axle  car,  by  Mr.  James 
Cleminson,  2&a  ;  bearing-springs, 
300;  car-wheels.  301;  French 
tram-cars,  2Qii ;  Eade's  reversible 
car,  2iQ 
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CAS 

Cassel  Tramway,  1  Sfi 

CiDcinatti  Tramway,  &team-car  on, 

Clemiiison,  Mr.  James,  nulial-axle 
passenger-cur  by,  225 

CockLurn  Jluir's  iron  way,  or 
'  block-sleeper  '  sy.stem,  Jo  ;  at 
Monte  Video,  &c.,  16;  tests  of 
his  rails  for  transverse  strength 
by  Mr.  Kirkaldy,  JS;  in  advance 
of  its  time,  IM ;  his  span  of 
bearings,        \  his  substructure, 

CJockerell's    hot-water  locomotive, 

Colebrooke  Dale  Iron  Company, 
c!ist-iron  tram-rails  laid  by,  i 

Compagnio  Gent-rale  des  Omnibus, 
tram-omnibus  by,  307 

Compresse<i-air  locomotives,  375 ; 
data,  375 :  compressed-air  car, 
by  M.  Mekarski,  382 ;  com- 
pressed-air car,  by  Mr.  Scott- 
MoncriefF,  :  comprivsed-air 
car,  by  Major  Beaumont,  38fi 

Coney  Island  Kailroad,  trial  of 
Eansom  car  on,  347 

Constantinople,  tramways  in : — 
Construction,  184  ;  co^t,  185 

Cost,  capital,  of  tramways,  analysis 
of,  2fii 

Cost,  first,  of  tramways: — Table  of 
cost  of  tramways  opened  at  Juno 
aiL  1876,  28_;  Glasgow  Corpora- 
tion, 44,  114  :  Dublin,  68_; 
London  Tramways,  fifi  ;  Ijvesey's 
grooved-rail  tramway,  H  ;  Cock- 
burn-Muir's  iron  way,  £8j  Dews- 
bury,  Batlcy,  and  Birstal  (Kin- 
caid),  83;  Lowsous  iron  waiy,  82i 
8chenck*8  iron  way,  82;  Edin- 
burgh Street,  91;  Dundee.  ; 
Bristol  (Kincaid),  120  ;  Li  icester 
(Kincaid),  121 ;  Salford  Corpora- 
tion (Kincaid),  r2t> :  .Soutliport 
Street(Beloe),  m;Wirral(Beloe), 
lil ;  Manchester  (Barker),  141. 
142;  Liverpool   (Deacon),  152 ; 


DUN 

Robinson  Soutiar's  way,  160; 
Glaiigow  Harbour  (Kansome, 
Deai",  &  Rapier),  163  ;  the  same 
system  for  lighter  traffic,  ; 
Belfast  Harbour  (Salmond),  Ififi ; 
tramways  in  Paris,  173.  174 ; 
tramways  in  Brussels,  183  ;  Con- 
stantinople, ]M 

Copenhagen,  trial  of  Kohl's  loco- 
motive in,  231 ;  Smith  & 
Mygind's  locomotive,  ai!  ;  Mr. 
W.  R.  Rowan's  steam-car,  41 1 

Cost,  general,  and  working  expen- 
diture of  tramways.  211 ;  North 
Metropolitan,  213  :  London,  220 ; 
liondon  Street,  22fl;  Dublin.  232; 
Glasgow  Corporation,  23fi;  Vale 
of  Clyde,  2i2 ;  Edinburgh,  2i3 ; 
Leeds,  247_i  Sheffield.  249; 
Soutliport,  250 ;  Provincial  — 
Plymouth,  Cardiff,  Portsmouth, 
'Ihl ;  Dews  bury,  Batley,  and 
Birstal,  2^ 

Crossings  and  points,  for  the  Liver- 
pool Tnimways,  161 

Curry,  Mr.  Matthew,  on  the  Lisbon 
Stmm  Tramway,  I2fl 

DEACON.  Mr.  George  F.;  his  sys- 
tems of  tramway,  laid  at  Liver- 
pool, 143  :  boaring-surfaco  of  his 
rail,  liiii ;  merits  of  the  system, 
202 

Dcjvs,  Mr.  James  ;  his  report  on  the 
cai^t-iron  tnimway  at  Glasgow 
Harlx>ur,  lfi3 

Dewsbury,  Batley,  and  Birstal 
Tramway :  —  Construction,  82 ; 
general  cost  and  working  expen- 
diture, 2^ 

Dowson's  iron  way,  81 ;  cost,  81 

Dublin  Tnimways  : — Construction, 
Si :  cost,  aS ;  general  cost  and 
working  expenditure,  232 

Dundee  Street  Tramways,  system 
of,  101 ;  gnidient*,  102 ;  con- 
struction, 103 ;  cost,  125 
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EAD 

EADE'S  reversible  car,  Slfl 
Etlinburgh  Street  Tramways, 
system  of,  QI ;    gradients  and 
cun-es,  22 ;  construction,  23 ;  cost, 
97 ;  general  cost  and  working  «- 
penditure,  243 
Expenditure,  working  of  tramways, 
general  analysis  of,  271.  8ee 
also  Cost  (Gkkerai-),  &c. 
Expenses,  working.    See  Working 
Expense.'^,  Co.st  (Gk>'£RAl),  &c. 


FAIRLIE.  Mr.  R.  F.,  reference  to 
his  double-bogie  steam -carriage, 
400.  411.  ill 
Fowler,  Mr.  A.  M.,  design  of  Sal- 
fortl  Corporation  Tramways  by, 
121  ;  his  groove,  2111 
Francq,  M.  Lion,  design  of  Ver- 
sailles Tramways  by,  176 ;  tram- 
cars  by,  306 ;  hot-water  locomo- 
tive by,  aiii 


GAND,  tramways  in,  182,  153 
Geneva  Tramways,  construc- 
tion of,  US 
Gla'^gow  Corporation  Tramways, 
Aft  for,  ,31;  first  system  of  con- 
struction, SI ;  gauge  of  the  way, 
an;  cost  of  construction  of  the 
first  contract,  li  ;  second  system 
of  construction,  108i  2fl2  ; 
gradients,  cost,  114 ;  general 
cost   and  working  expenditure, 

Gla4igow  Harl>our.  tramway  at,  22; 

c^mstruction,  161  ;  co,st,  163 
Goschler.  M.,  prices  for  tramways 

iu  Paris,  by.  US  ;  cost  of  Con- 

sDintinople  tramways,  LS5 
Grantham,  Mr.   John,  steam-cars 

by,  322,  324 
Grecnwo  )d,  Mr.,  on  compressed-air 

locomotives.  356 
Orice  &  Long,  Messrs.,  steam-car 

by,  312 


HOR 

Gauge  of  way: — Early  timber  tram- 
ways, 3 ;  in  Philadelphia,  llj  in 
the  United  States,  14. ;  at  Birken- 
head, Ifi  ;  in  Liverpool,  21 ;  rail- 
way gauge  roquiriid  by  Act  of 
Parliament,  21 ;  in  Gla.sgow,  3fi ; 
in  Belfast,  bl  \  in  Dublin,  M;  on 
the  Vale  of  Clyde,  SS ;  in  Buenos 
Ayros,  H ;  in  Monte  Video,  ZLj 
in  Bahia,  £8  ;  at  Madras,  fil ;  in 
Eilinburgh,  92j  in  Dundee,  102; 
in  Bristol,  117:  in  Salford,  123  ; 
in  Southport,  127 ;  in  "Wirral, 
130;  in  Manchester,  139;  Paris, 
169,  172  ;  Brussels,  HQ  ;  Anvers, 
180 ;  Liige,  180;  Gand,  180; 
MoscoM',  186 :  Leipzig,  187 ; 
Lisbon,  189  ;  Wellington,  IM 


HALL,  Sir  Benjamin,  on  Train's 
tramway,  \h. 
Uandysido  car-wheel,  304 
Harbour    tramways :  —  Ransome, 
Deas,  and  Rapiers  cast-iron  way 
at  Glasgow  Harbour,  79^  Ifil ; 
cost,   lfi3 ;   system   for  lighter 
traffic,   HLL     Belfast  Harbour 
Tramway : — Lizars'   way,    165  ; 
Salmond's  way,  166 
Haworth's  tramway  at  Salford,  18 
Holt,  Mr.  Henry  P.,  on  frictional 
resistance    of  tram-cars,    349 ; 
auxiliary  compound  incline-loco- 
motive, 395 
Hopp,  Mr.  Beresford,  evidence  oo 

tramways  by.  9,  U 
Hopkins,  Mr.  George,  on  margin  of 
pavement  for  tramways,  25; 
engineer  of  tramways  in  London, 
3fl ;  and  of  the  Dublin  Tramways, 
51;  and  of  the  Vale  of  Clyde 
Tramways,  ii2  ;  reconstruction  of 
tlie  North  Metropolitan  Tram- 
ways, fifi 

Horses,  cost  for  maintenance  and 
renewal.  Set  Cost  (Gkxeual)  ; 
Working  Kxhensks  ;  Loxuox 
Gbkeiul  Omnibus  Company 
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HOT 

Hot-wnter  locomotives  and  steam- 
oars: —  Historical  sketch,  312  ; 
Mr.  Buel's  report,  310 ;  M.  Lion 
Francq's  hot-water  locomotive, 
332 ;  Mr.  L.  J.  Totld's  hot-water 
.s.eam-car,  235;  MM.  BMo  & 
Co.'s  hot-water  steam-car,  33fi^ 
Data  for  hot-water  power,  366. 
374  ;  Cockerell's  hot-water  loco- 
motive, 368 

Hoylake  and  Birkenhead  Tramway, 
trial  of  Grantham  car  on,  327 

Hughes,  Mr.  Henrj',  steam-locomo- 
tive by,  33&;  trial  on  the  Leices- 
ter Tnimways,  340 ;  and  on  the 
i/iinburgh,  the  Sheffield,  and  the 
Vale  of  Clyde  Tramways,  311  ;  on 
frictional  resistance  of  tram-cars, 
313 

Huntingdon,  on  cost  of  London 
Tramways,  fifi 

rON  substructures  for  tramways: 
—  Livesey's,  71 ;  Cockbum- 
Muir's.  t6_i  Kincaid's,  19,  UL 
120.  m  ;  Dowson's,  8ii  Schenk's, 
87  :  Beloe's.  133j  Barker's.  136; 
Ransome,  Deas  &  Rapier's,  161, 
164;  at  LiUe,  178 

KINCAID,  Mr.  Joseph:  — Con- 
struction of  the  Greenwich  line, 
33;  of  the  Ixieds  Tramway,  35^ 
fil ;  his  iron  way.  as  patented, 
79 ;  iron  way  at  Sheffield,  Sij 
his  second  patent,  83;  his  way  on 
the  Bristol  Tramways,  117  :  on 
the  Leicester  Tramways,  120 ;  on 
the  Salfonl  Corporation  Tram- 
ways, 121 ;  his  system  of  keep- 
ing to  gauge,  107 ;  his  sub- 
structure, 206i  2M  his 
span  of  bearings,  2II3 
Kirkaldy,  Mr.  David,  tests  of  tram- 
rails  by.  18;  test  of  indinrubber 
springs  by,  3113 
Kohl,  Mr.  A.,  tram-locomotivo  by, 
331 


LOG 

LAMM,  Dr.  Emile,  ammoniacal- 
gas  car  by,   316;  hot-water 
locomotive  by,  317 
I  Larsen.  rail  aud  fastening  by.  48_; 

'applied  to  the  London  Street 
{  Tramways,  Sfl;  to  the  Belfast 
I      Tramways,  til ;  advantages  of  the 

fastening,  49^  133 
i  Latta,  Mr.  A.  B.,  steam-car  by. 
I  312 

Lausanne  and   Echellons  Branch 
Railway.    Mr.   Brown's  steam- 
car  on,  406 
;  Lebout,  M.,  Constantinople  Tram- 
ways designed  by,  184 
.  Leeds  Tramway,   conhtruction  of, 
35;  general  cost  and  working 
expentliture,  247 
Legislation  fur  tnimways,  420 
Leicester    Tramways :  —  Construc- 
tion and  cost,  120  ;  employment 
'      of  steel  rails,  206  ;  trials  of  Mr. 
'      Hughes'  locomotive  on,  340 
Leipzig  Tramways,  181 
Liege,  tramways  at,  180.  183 
Light,  Mr.  C.  L..  cast-iron  tram- 
rail  by,  lOj  2II1 ;  cast-iron  car- 
wheel  by,  311^ 
Lille,  tramways  at;  construction, 
178 

Lisbon  Tramways,  Iflfl;  perform- 
ance of  locomotives,  IfiQ 

I  Liverpool,  Noble's  crescent-rail  in, 

1      19j  Acts  for  tramways  in,  20 ; 

'  system  of  tramways,  20.  28  ;  con- 
struction of  them,  21;  gnidients, 
25 ;  reconstructed  on  Mr.  G.  Y. 
Deacon's  system  of  tramway, 
143  ;  cost,  152 ;  crossings  and 
points,  151 

I  Livesey's  iron  way,  I4j  at  Buenos 
Ayres.  with  steel  n\iLs,  Z2  ;  with 
iron  rails,  Tij  in  advance  of  ita 
time,  IM ;  his  coupled  stools.  203 ; 
span  of  bearings,  203 
Lizars,  his  svstem  of  tramway  at 

Belfast  Harbour,  1S5 
Locomotives,   steam.    See  Steam- 

'  lX>COMOTrVKS. 
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London  General  Omnibus  Com- 
pany :—  Capital  cost  and  working 
expenditure,  2M 

London  Street  Tramways,  Acts 
obtained  for,  2fi;  length,  23; 
construction,  511 ;  inclines  and 
curves,  ZO ;  general  cost  and 
working  expenditure,  22a 

London  Tramways,  Acts  obtained 
for,  2^ ;  length,  2fi;  construction 
30.  33:  cost  of,  68j  inclines 
of,  Ifi ;  general  cost  and  working 
expenditure,  220 

Loiibat,  tramways  by,  in  New  York, 
6i  in  Paris.  IM 

Lynde,  Mr.  J.        construction  of 
Miinchcster    Corporation  Tram 
ways  under,  137 ;  on  the  width 
of  baao  in  Barker's  system,  207 

MADILVS    Tramways,  construc- 
tion of,  81 
Manchester  and  Sheffield  Railway, 
trial  of  the  Perkins'  tram-loco- 
motive on,  321) 
Manchester  Corporation  Tramways, 
system    of,   1^ ;  construction, 
137  ;  co6t.  Ill 
Hartineau,  Mr. ;  his  table  of  weights 

of  cars,  218 
Mechanical  power  on  tramways, 
312 ;  historical  sketch,  312 ; 
elementary  dativ,  313 ;  hot^water 
locomotives,  366  ;  compressetl-air 
engines,  375 ;  locomotives  by 
Messrs.  Merryweather  &  Sons, 
387  ;  auxiliary  compound  incline- 
locomotive,  by  Mr.  Henry  P. 
Holt,  325 ;  condensing-locomo- 
tive.  by  Mr.  Loftus  Per^ns,  399; 
Bissell-bogie  steam-oar,  by  Mr. 
Edward  Perrett,  403 ;  double- 
bogie  steam-car,  by  Mr.  A. 
Brown,  IQfi ;  double-lx)gie  steam- 
car,  by  Mr.  W.  R.  Rowan, 
411 

Mechanical  power.  Elementary 
data :  —  resistance    to  traction 


NOB 

on  a  railway,  349,  252;  Mr. 
IL  P.  Holt's  experiments  on 
grooved  rails,  312  ;  Mr.  Hughes' 
experiments,  312 ;  causes  of  re- 
sistance, 3^;  M.  Trescrt's  experi- 
ments, 3/iO ;  M.  Delonchant's 
experiments,  351 ;  Colonel  Syten- 
ko's  experiments,  Ii51 ;  Mr. 
Wood's  estimate,  352 ;  Messrs. 
Merryweather's  conclusions,  353 ; 
Mr.  John  Phillips'  experiments 
in  starting  cars,  353 

Mechanical  propulsion,  with 
rules,  353 ;  a^lhej^ion,  35^6 ;  in- 
fluence of  gradient.'),  356 :  steam 
consumed,  35&;  properties  of 
steam,  360 ;  examples  of  the 
use  of  the  rules,  2fi2 ;  data  for 
water  and  fuel,  365 

Hot- water  power,  Sfifi ;  Cocke- 
reil's  hot-water  engine,  with  re- 
sults of  experiments,  368 
Compressed-air  power,  375 
M^karski's  compressed-air  car,  3fl2 
Merryweather  &  Sons,  steam-loco- 
motive by,  332;  locomotives  on 
the  Paris  Tramways,  338^  387 ; 
1     auto-al>8orbing  apparatus,  3i8  ; 
I      calculation  of  the  performance 
i      of  their  locomotives,  362.  389, 
322 

Metropolis,  tramways  in,  2fi ; 
j  length,  26i  2&;  inclines  and 
I     curves  on,  62 

j  Metropolitan  Railway  Girriage  and 
[  Waggon  Company,  inside-and-out- 
I      side  passenger-car  by,  282 

Morris,  Mr.  J.,  on  margin  of  pave- 
ment for  tramways,  25 

Moscow  Tramways,  IM 


FW  YORK,  East,  and  Canartio 
tramway,  hot-water  locomo- 
tives on,  312  ;  tests  by  Mr.  Buel 
and  Mr.  Brevoort,  32fl 
i  New  York:  —  Grooved  tmm-rails, 

6,  200;  step-rails, 
'  Noble's  crescent-rail,  12 
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North  British  Rubber  CJompany, 
iniiarubbcr  springs  by,  288.  3111 

North  Metropolitan  Tramways,  Acts 
obtained  for,  26j  length,  28i 
construction  of,  2Q ;  reconstruc- 
tion of,  fifi ;  inclines  and  curves, 
fid  ;  g(>neral  cost  and  working 
expenditure,  212 

OMNIBUS     Company,  London 
•General:  —  Capital  cost  and 
working  expenditure,  2nS 
Orleans,  New.  ummoniacul-gas  car 
on,  316;  hot- water  locomotive 
on,  312 


PARIS,  Messrs.  Merrywenther  & 
Sons'  locomotives  in,  338^  385 
Paris,  tramways  in,  109 ;  cost,  173. 

m 

Perkins,  Mr.  Loftus,  condonging- 

locomotivo  by,  328.  323 
Perrett,  Mr.  Edward,  steam-car  by, 

403 

Philadelphia,  step-rails  in,  llj 
trial  of  steam-earn,  342,  347 ; 
cost  of  running  steam-cars,  344 

Phillips,  Mr.  John,  on  the  resist- 
ance of  starting  a  car,  353 

Provincial  tramways  :  —  General 
cost  and  working  expenditure, 
251 


EADIAL-.VXLK  car,  by  Mr. 
James  Clcminson, 
Rails : — Early  timber,  2 ;  early 
cast-iron,  1 ;  grooved-iron  rails 
in  New  York.  6;  Light's  cast- 
iron  rail  in  Boston,  U.S.,  Hi; 
Philndelphi!!  stt'p-mil.  II ;  New 
York  stop-rail,  liL:  Train's  step- 
rail,  16j  Ilaworth's  flat-Riil,  18  ; 
Noble's  crescent-rail,  12 ;  early 
Liverpool  rail,  22*  21 ;  objections 
to  the  flat^rail,  32  ;  rail  fur  the 
London    Tramway.s,    31  early 
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I  Leeds  rail,  2&  ;  Johnstones  and 
I  Rankine's  rails,  38^  42,  110; 
i  Larsen's  rail,  48,  M»  fiJ  ;  Dublin, 
55 ;  Vale  of  Clyde,  60^  North 
Metropolitan,  62;  Livescy's  steel 
rail,  iXi  72  :  Livesey's  iron  rail, 
74 ;  Cockburn-Muir's  iron  rail. 
7.6 ;  Kincaid's  iron  rail,  80,  82^, 

83.  118.  124;  Dowson's  iron  rail, 

84,  8a;  Schenk's  iron  rail.  82; 
Macrae's  iron  rail,  2i ;  Macki 
son's  iron  rails,  IM ;  Kincaid's 
steel  rail.  120  ;  Beloe's  rails,  \Z0^ 
132.  133 ;  Barker's  steel  rail, 
138.  142 ;  Beacon's  steel  rail, 
144.  152;  Souttar's  steel  rail, 
157.  I^;  Ransome.  Deas  & 
Rapier's  cast-iron  rail,  161.  164 ; 
Lizars  iron  mil,  165 ;  Salmond's 

I  iron  rail,  IM.  161 ;  Lo(ibat's  rail, 
'  Ifia ;  iron  rails  in  Paris  tram- 
ways. 170.  171.  174 ;  Francq's 
iron  rail.  176 ;  Lille  iron  rail, 
178  ;  iron  rails  in  Brussels,  129  ; 
at  Anvers,  181  ;  at  Li^e,  182 ; 
at  Gand,  182 ;  Lebout's  iron  rail, 
184;  Sytenko's  rail,  186j  Leip- 
zig rail,  182  ;  Ca.ssel  iron  r.til, 
laa ;  Li.sl>on  iron  rail,  IBS ;  Wel- 
lington iron  mil,  190 

Consideration  of  the  design  and 
strength  of  rails,  J  92,  21li 
Ransom.  Mr.  Louis,  steam-car  by. 

345:  trials  of  steam-car.  347 
Ransome.  Deas.  &  Rapier's  cast-iron 
way  at  Glasgow  Harlxjur,  79. 
161.  164  ;  cost,  163i  164  ;  width 
of  bearing.  207 
Receipts  of  tramways,  summary. 
269.  See  also  Cost  (Gbkbual), 
&c. 

Resistance  on  tramways : — Freedom 
of  Mr.  C.  L.  Light's  slopiug- 
bermo.  lOj  freedom  of  the  step- 
rail,     13j    freedom     of  Mr. 
Ilaworth's  flat-rail,   IS;  disad- 
j      vantage  of  the  croscent-rail,  211 : 
j      advantage  of  the  round  contour 
I     of  the  groove,  3a ;  advantage  of 


INDEX. 
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the  shallow  groove,  41,  fil ; 
central-beuriDg  for  wheels,  118 ; 
advantage  of  a  first-rate  rolling- 
surface,  lii2 ;  causes  of  resistance, 
201.  277.  350;  necessity  for 
vertical  stijSfness,  2M;  reduction 
of  resistance  by  the  use  of  radial 
axles  and  loose  wheels,  ;  by 
the  use  of  elastic-wheels,  304 
Besistance  of  cars  to  traction,  307. 
W&  ;  advantage  of  lightness  and 
elasticity,  ILL  See  also  Mkchaxi- 

CAL  PoWEB  (ElBMKNTABT  DaTA). 

Rolling  surface,  good,  advantage  of, 

m 

Rowan,  Mr.  W.  R.,  steam-car  by,  411 

SALFORD,  Haworth's  tramway 
in,  Lfi;  Corporation  tramways, 
construction  ofi  121;  Eade's  r*>- 
versible  car  on  the  Manchester 
Corporation  tramways,  31£L 
Salmond,  Mr.  T.  R. ;  his  system  of 
tramway  at  6elfa.st  Harlxjur.  Ififi 
Santander,  Tram  Via  do,  steam- 
locomotive  for,  ZlA 
Schenk's  iron  way,  S2  ;  cost.  S9 
Scof  t  -  MoncrieflT s  compressed  -  air 
car, 

Sheffield  Tramways: — Construction, 
81  ;  latest  practice,  198.  206; 
general  cost  and  working  expen- 
diture, 242 

Smith  &  Mygind's  locomotive,  2^ 

Soci^tS  Metallurgique  et  Char- 
bonni^re,  throe-cylinder  locomo- 
tive by,  aM 

Sout  hport  Tramways :  —  Construc- 
tion, 127:  cost,  128;  general 
cost  and  working  expenditure, 
2aQ 

Soul  tar,  Mr.  Robinson;  his  system 
of  tramway,  165 ;  its  cost,  160 ; 
on  the  cost  of  tramways,  ISi; 
his  bevelled  sleepers,  122 ;  his 
rail,  222 

Spencer,  George.  &  Co.,  indiarubbcr 
springs  by,  222 


TRA 

Springs,  bearing,  of  tram-cars,  275. 

289.  aoo 

Suirbuck  Car  and  Waggon  Com- 
pany, inside-passenger  car  by, 
223 

Steam-cars  Historical  sketch. 
312;  Grantham  steam-car.  322  ; 
Mr.  L.  J.  Todd's  steam-car, 
335;  MM.  BMe  &  Co.'s  steam- 
car,  Safi;  Baldwin  steam-cars, 
311 ;  Mr.  Ransom's  steam-car, 
345 ;  Mr.  Edward  Perrett's 
steam-car,  403 ;  Mr.  A.  Brown's 
steam-car,  42fi ;  Mr.  W.  R. 
Rowan's  steam-car,  4ii 

Steam-locomotives:  —  On  Lisbon 
Tramways,  189^  historical  sketch, 
312 ;  locomotives  by  Messrs. 
Merryweather  &  Sons,  337.  387  ; 
locomotive  by  Mr.  Henry  Hughes, 
Z2& ;  auxiliary  compound  incline- 
locomotive  by  Mr.  Henry  P. 
Holt.  225.;  condensing-locomo- 
tive  by  Mr.  Loflus  Perkins,  328. 
322 

Stephenson,    Mr.    John,  original 

tram-car  by,  274 
Step-rails,  in  Philadelphia,  llj  in 

New  York,  ISj  at  Birkenhead, 

&&,  16 

Sterne,  L,,  &  Co.,  rubber-centre 
spiral  springs  by,  222 

Strength,  transverse,  of  Mr.  Cock- 
hurn-Muir's  iron  rail,  JO 

Substructures,  iron,  for  tramways. 
Set  Irow  Substhucturks. 

Sytenko,  Colonel,  Moscow  Tram- 
ways designed  by,  Iflfi 


TODD,  Mr.  Leonard  J.,  steam- 
locomotive  by,  315;  hot-water 
steam-car  by,  224 
Train,  Mr.  G.  F.,  tramway.  15 ;  his 
tramway  at  Birkenhead,  lfi;  in 
London,  U ;  in  the  Potteries,  LI ; 
steam-car,  312 
Tram  -rails.    Sec  Rails. 
Tramway  legislation,  422 
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Tramways: — Definition,  1;  histori- 
cal notice,  2 ;  early  timber  tram- 
ways, 2 ;  castriron  tram-rails,  4, 
10;  tramways  in  tho  United 
States,  fi;  the  first  Liverpool 
tramway,  19j  tramways  in  Lon- 
don, 26,  30,  48,  M,  213,  220, 
22& ;  Acta  for  tram\i-ays,  22 ; 
table  of  tramways  at  June  30, 
1876,  28_;  the  Leeds  Tramways, 
3^  8U  LIT,  2_nj  Glasgow,  37, 
79.  108.  161,  238;  Vale  of  Clyde, 
242 ;  IJelfast,  165; 
Dublin,  54,  232;  Buenos  Ayres, 
71.  78:  Monte  Video,  Z6_;  Salto, 
78 ;  Bahia,  78j  Vienna,  78j 
Palermo,  ISj  Sheffield,  81,  UL 
21fl;  Dewsbury,  82,  2iili;  Ade- 
laide, 83;  Madras,  81;  Eklin- 
burgh,  9li  213  ;  Dundee,  mi ; 
Bristol,  117  :  Hull,  117  :  Leicester, 
12ii ;  Salford,  18.  121  ;  Southport, 
127,  250 ;  Wirral,  130;  Man- 
chester,   136;   Liverpool,  143 


Provincial,  2M  ;  Plymouth,  2M 
Cardiff,  2il;  Portsmouth,  2M 
Paris,    169 ;    Versailles.  176 


Lille,  178  ;  Belgium,  ITOi  Brus 
sels,  179.  1S3  ;  Anvers,  L8L  183 


Li^^ge,  18L  183j  Gand,  IM.  183 


Constantinople,  IM ;  Moscow 
186;  Leipzig,  187 :  Cassel.  186 


Lisbon,  189 ;  Wellington,  ISfi 

General  conclxisions  on  the  de- 
sign and  construction  of  tram- 
ways, ISJ;  cost,  211,  265;  receipts, 
269 ;  working  expendit  ure,  271  ; 
conclusion,  415  ;  legislation,  120 


VALE  of  Clyde  Tramways,  Act 
for,  ^ ;    construction,    60 ; 


WOB 


widening  of  the  gauge,  208 ; 
general  .cost  and  working  expen- 
diture. 212 

Vaucamps,  M.,  on  the  performance 
of  the  Perkins  locomotive,  329 

Versailles  Tramways,  construction 
of.  LI6 

Vienna  Tramways,  trial  of  Gran- 
tham car  on,  327 


WANTAGE  Railway,  the  Gran- 
tham  car  on ;  cost  of  work* 
ing  it,  321 
Washington  step-rail,  H 
Way,  gauge  of.     Su  Gauob  of 
Wat. 

Wellington  City  Tramways.  150 

Wheels  and  axles  of  tram-cars, 
276.  284.  291.  294.  3M 

Wirral  Tramway :  —  Construction, 
130 ;  cost,  L31 

Woods,  Mr.  Edward,  improvements 
of  the  Grantham  car  by,  324  ;  on 
resistance  of  tram-cars,  352 

Working  expenses  on  tramways : — 
Analysis  of  cost  for  horse-power 
on  the  Tramway  Sud,  1 75  ;  cost 
for  horses  and  cars  in  Brussels, 
133  ;  cost  of  working  the  Gran- 
tham car  on  the  Wantage  Tram- 
way, 325;  cost  of  running  the 
Biildwin  steam-car.  313;  cost  of 
running  horse-cars  in  Phila- 
delphia, 344 ;  cost  of  working 
Mr.  Brown  s  steam-car  at  Lau- 
sanne, 410 ;  cost  of  working 
steam-cars  and  horse-cars  in 
Copenhagen,  414  ;  cost  of  work- 
ing sf  eam-loeomotives.  423.  See 
also  Cost  (Gknrkal). 
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ENGINEERING,  SURVEYING.  &c. 

 •  

Humbet^s  New  Work  an  WaterS^fy. 

A  COM  PREHENSI VE  TREATISE  on  WATBR-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc  InsL 
C.E.,  and  M.  Inst.  M.E,  Author  of  "Cast  and  Wrought  Iron 
Bridge  Construction,"  &c  &c.  Imp.  4X0.  Illustrated  with  50 
Doable  Platei^  2  Singjle  Plates,  CohMBed  Ffaiiliq>iece,  and  upwaidB 
of  250  Woodcut^  and  containing  400  page*  of  Teit^  dcpntfyond 
*•   wibelinfially  half*boand  in  nocoooob  tfr. 

Liti  ^  Cmimtt:— 

L  Historical  Sketch  of  some  of  the  ncaas  tbst  have  been  adopced  for  the  Saffif 


of  Water  to  Citiea  and  Towns.— II.  Water  and  the  Foreign  Hatler  usually 
ciated  with  k.— IIL  RainiaU  aad  EvwHtatioa.— IV.  SpriM*  aad  Ifce 


tearing  foraatioa*  of  varioat  dteriets.— V.  Ifeannenwnt  aniT  BetiiiMHiqB  of  tha 
Flow  of  Water.— VI.  On  the  Selection  of  the  Source  of  Supply.— VII.  Wells.— 
VIII.  Reservoir*. — IX.  Tne  Purification  of  Water. — X.  Pumps. — XI.  Pumping 
Machiner>-.  —  XI I  C  onduit-s.  — XIl  I  Disinbiilion  of  Water.— XI\'  Meirr-..  Ser- 
vice Pipes,  and  Hoii^f:  ^  — XV.  The  Law  and  Economy  of  Water  Works. — 
XVI.  Constaut  .iml  Inirnnutcni  Supply. — XVII.  Description  of  Plates. — Appen- 
dices, giving  Tablci  of  Kale*  of  Supply,  Velocities,  &c.  &c.,  together  with 
Specifications  of  several  Works  ill.i>tr.ncd,  .imoiw  which  will  be  found  :— Aberdeen, 
Bidaford,  Caaterbuiy,  Dundee,  Halifax,  Lambeth,  Rothcrham,  Dublin,  and  otbm. 

OPINIONS  OF  THE  PRESS. 
"ThaaottqriMiBaUcaad  valuable  work  upon  water  supply  hitherto  pfodnead  ia 


Sagluh,  or  ia  aay  other  laoguag&'*— fiyaMfr  (ficrtiiotiot)- 
*'^Mr.  Humbei't  woric  ii  cfaaiacMiiMd  aloMit  dvoaghour  hf  aa 


much  more  distinctive  of  FNodiaMlGannBtlMuiof  Ei«tlAf 

Engituer  (third  noticel. 

We  cao  con,;ratul.itc  Mr.  Humber  on  having  been  able  to  give  so  large  an. 
amount  of  inforrn.ition  on  a  suljcct  so  important  as  the  water  supply  of  cities  and 
town'-.    The  pl.itcv,  fifty  in  numlv:r,  .irc  mo  tly  drawinj;*  of  executed  worlcs,  and 
alone  would  have  commanded  the  attention  oi  every  engineer  whose  practice  aay  lia 
ia  dm  tech  or  ilM  proMon  *- 


2      WORKS  IN  ENGINEERING,  SURVEYING,  ETC., 


Hnmbers  Modern  Engineej'hig.    First  Series, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING,  1863.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  WlLLiAM 
HuMBER,  Assoc.  Inst.  C.E,,  &c  Imp.  4to,  with  36  Double 
Plates,  drawn  to  a  large  scale,  and  Photographic  Portrait  of  John 
Hawkshftw,  CE.»  F.R.S.,  Ac.  3A  31.  half  morocco. 

NAMK  AVn  DFSIf  KTPTK>N  PI.ATF-S.  NAMP  OF  rr.VlINFER. 

Victoria  Station  aud  Koo(— L.  B.iiS.C.  Kail.     i  to  8  Mr.  R.  J  acorn  b  Hood,  CE. 

South  port  Pier   9  and  10  Mr.  Jann  Bninhw,  CK. 

Victoria  S  Ution  aod  Roof— L.  C.  &  D.  &  G.  W. 

Raihnnrs   •*••  ittotsA  Mr.  T<<Iiti  FouUt.  C.E. 

Roof  of  Cremorne  Music  Hull   16  Mr.  \Villum  H umber,  C.E. 

Bridge  over  G.  N.  Railw.-\y   17  Mr.  Jo&eph  Cubitt,  CE. 

Roof  of  Station— Dutch  Riwiuih  Railway  ..  iSaadig  Mr.  £uschedi,  C.E. 
Bridge  over  the  TJiamct— Wot  LoodoB  E>- 

texttioo  Railway   aete«4  Mr.  William  Baker,  C.E. 

Armour  Plates   95  Mr.  James  Chalmers,  C.E. 

Suspenuon  Bridge,  ThanM   to  19  Mr.  Peter  W.  Bwlow,  CE. 

The  AUen  Engine   30  Mr.  G.  T.  Porter.  M^E. 

SittptMica  Bradge,  Atoo   3S  to  33  Mr.  Joba  HawiaJuMr,  CE. 

and  W.  H.  Barlow  JCB. 

Vadoiiound  Railway    34  to  36  Mr.  John  Fowler,  CE, 

With  copious  Descriptive  Letterpress,  Specifications,  &,c* 


**  Hwkhawcly  lithotMVlted  and  i>rinted.  It  will  find  favour  widi  many  who  desire 
to  pmenre  \n  a  pemmuioBt  form  copies  of  the  plans  and  tpecificattnm  jwpared  for  tba 
gwdiaoo  of  the  cootracton  for  oiany  important  eagineoriog  wodti.*— J'ayAMwr. 

Humberts  Modem  Engineering.  Second  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1864;  with  Photographic  Portrait  of  Robcit  Stet  1  <  *..<.n, 
C.E.,  M.P.,  F.R.S.,  ^cc.    3/.  3^.  half  morocca 

List  of  the  Plates. 

NAMB  AND  DESCBIPTION.  TXJtXMM.  NAMK  OF  FNGIKt  •  ■(. 

Birkenhead  Docks,  Low  Water  Basin    l  to  tj  Mr.  G.  F.  LyMer,  C.L. 

Cross  Sution  Roof— C.  C.  Railway.  s6  to  18  Mr.  Hawk.>haw,  C.E. 

1  Viaduct-Gnitt  Mottbcn  Railway.      19  Mr.  J.  Cubiit,  CE. 

:  Wood  yiadoct-Ortat  N.  Ibulway.      m  Mr.  J.  Ciilatt.  CE. 

IrOB  Fwrnanent  Way   aoo  — 

Oydadi  Viaduct  — Merthyr,  Tredegar,  and 

Abcryavcnny  R.iil\v.-*y    at  Mr.  Gardner,  CB> 

Ebbw  Viaduct      ditto       ihtio      ditto  aa  Mr.  Gardner,  C.E. 

College  Wood  Vwdiitt— Cornwall  Railway  ..        aj  Mr.  Rnmcl 

Dt  '^hn  Winter  P.ibcc  Roof   34  to  26  Mcs.srs.  Ordi.shS:  L«  Feuvra. 

1      re  over  the 'Humes— L.  C  ADi  EaiKr  271031  Mr.  J.  C  u"  iti,  C".  F 

A<i...£Xiarbour,  Greenock    33  to  3^  Me&ws.  BcU  &  M viler. 

Yfith  coiuont  Dacri|ilhe  Letterpress,  Spccificattons,  && 


**  A  r'itttHf  of  an  the  more  mteresdog  and  faqwrtaat  wmIgs  loialy  completed  in  Great 

Eriuin ;  .-uivl  coaubing,  .-is  it  does,  carefoHy  executed  drawing*  with  full  worlciog 
dctail-s,  it  will  be  found  a  v.iluabic  accessory  to  the  profc-^ion  r.t  l.irj:e." — Enf^inttr. 

"  Mr.  HumUr  ha»  doiM  the  profetsioo  good  and  tnte  Mrvice,  by  tiie  fine  follfctiaa 
of  ejuunples  he  has  bocbno^  befbio  tho  gtoiMiioii  mk  tba  paiUiG.'Wtacllta/ 


Digitized  by  Google 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 


Humbers  Modern  Engineering.    Third  Series, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1865,  Imp.  4to,  with  40  Double  Plates,  drawn  to  a  laree 
scale,  and  Photo  Portrait  of  J.  R.  M'Clean,  Esq.,  late  Fkaident 
of  the  Institution  of  Civil  Engineers.    3/.  3/.  half  morooca 

List  of  Plates  and  Diagrarts. 


MAIN  DRAINAGE,  METROPOLIS, 

NOBTH  SlDS. 

n.its  I.  M.4p  showing  Interception  of 
Sc^'^.. — and  3.  Middle  Level  Sewer. 
Sewer  wniier  Rc|ient's  Canal  ;  and  Junc- 
tion wiUi  Ficct  Ditch. — 4,  5,  and  6.  Out- 
fail  Sewer.  Bndxc  over  River  Lc.n. 
Elevation  and  Details.  —  7.  Outfall 
Sewer.  Bridge  over  Marsh  Lane,  Nort  h 
Woolwich  Railway,  and  Bow  and  Barking 
Railway  TunctUio.— t,  9,  and  10.  Oucfail 
Sewer.  Bridge  over  Bow  and  Barking 
Kaalway.  Elevation  and  DetaiU.— 
nandta.  OuifiUl  Sewar.  BfidfB  aver 
Laadaa  Waterworiu*  Feader.  Ble- 
and  Details.'— II  and  14.  Outfall 
Reservoir.  Plan  and  Section. — 
Olttlall  Sewer.  Tumbling  Bay  and 
16.  Outfall  Sewer.  Penstocks. 

Sooth  Snw. 

Plates  17  and  18.  Outfall  Sewer.  Ber- 
nond:>ey  Bn»cb.— 19^  ao,  ai,  and  n. 


MAIN  DRAINAGE,  METROPOLIS. 

Outfall  Sewer.     Reservoir  and  Outlet. 

Plan  and  Details.— 73.  OtUiaU  S«w«r. 

Filth    Hoiu  — 34.    Sectioos  of  SawWi 

(North  and  South  Sides). 

THAMES  EMB.ANKMENT. 

Pl.ite  35.  Section  of  River  Wall.— 
16  and  -7.  Steam  boat  Pier,  Westminster, 
t.levatiun  and  DctaaU  —  r3.  Landtnz 
Stairs  between  Clxarm^  Crov^  a.n  j  Water- 
loo Bridges. — 29  and  30.  York  Gate. 
Front  Elevation.  Side  Elevation  and 
Details.— 3t,  31^  and  yy.  Overflow  aad 
Outlet  at  Savoy  SiKet  Sewer.  Details  ; 
and  Penstock.  -34, 3<.  and  36.  Steam-boat 
Pier,  Waterloo  Brtoge.  Elevation  and 
I^*wls>'~37*  JuBOiiaBof  Sewaia,  flaaa 
aad  8acti«a»^|l.  OuIlMik  Flaw  aod 
^ml^^^^m^  SaBfaig  Stodc^^Ok  Giaaita 
aadlimrartli 


With  copioai  DeKriptive  Lettorpreas,  Ao. 


Humberts  Modern  Engineering.  Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1866.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  laige 
scale,  and  Photographic  Portrait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.    3/.  31.  half  morocco. 

Uit  of  the  Plates  and  Dtagratns, 
MAHS  Aim  mKumoM.  nJirwL      mamb  or  smotiimt. 

Abbey  Mills  Pmn|<ng8lilfaii,lfaiaDwiB>gi^ 

Metropolis   i  to  4  Mr.  Baaaljg^,  C.E. 

Barrow  Docks   St09  MMn.lC'ClaaaftStinmaa, 

Manquis  Viaduct,  Santiago  and  Valparaiso 

Rjokway   xo»  11  Mr.  W.  Loyd,  C.E. 

Adams'  Locomotive,  St  Helen's  Canal  Railw.    xa,  13  ^tr.  11.  Cross,  C.E. 

Caxmon  Street  Station  Roof   14  tt>  16  Mr.  J.  Hawkshaw,  CE. 

Road  Brk^  over  the  River  Moka   17,  i<  Mr.  H.  Wakefield,  CE. 

TdegraphicAnianitusibr  Mesopotamia  ....       19  Mr.  Siemeas.  CE. 

Viadaetaaar  tha  Rhcr  Wj^ltkBaad  Railw.  so  to  n  Mr.  W.  H.  Barlow,  CE. 

St  Gemma  Vbdact,  Cornwall  Railwav  ....    33,  '4  Mr.  BraneL  CE. 

Wrought  Iron  Cylinder  for  Divkig  Bell   25  Mr.  J.  Coode,  C.E 

MOJwall  Docki   a6  to  31  Messrs.  J.  Fowler,  CE., an 

William  Wilson.  C£. 

Milroy'.s  Patent  Excavator   3a  Mr.  Milroy,  C  E. 

.......I  33  tOjl  Mr.  J.  Fowler,  and  If r.  T. 

M.  Johnaoo.  CE. 

  A  to  c 
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HumbiP^s  Greai  Work  an  Bridge  Consirueium. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  Assoc  Inst.  C.  E.,  and  M.  Inst 
M.E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and  numerous 
additkms  to  Hie  Teit  In  2  vok  imp.  4to,  6A  i6r.  6il,  balf-booiid 
in  morocco. 

"A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In 
addition  to  elevations,  p'.:ins,  and  sections,  large  scale  details  are  civcii,  which  very 
much  enhance  the  instructive  worth  of  these  illustration!'.  No  engineer  would  wit> 
hagly  be  without  So  valuabfe  a  fond  of  iafbriDalk».*—CMIJE'^^ 

"  Mr.  Htunlier's  stately  volnaies  lately  issued— in  which  the  most  impottaiit  bri^w 
erected  dtuing  the  last  five  yean,  under  the  direction  of  our  most  eminent  engineers, 
are  drawn  and  specified  in  great  dcUuiL"—E't^wfr. 

"A  bode— and  partiQilariy  a  larg* and  costly  treatise  like  Mr.  Honber's—wUch 
bas  nacbod  kt  third  cditioa  anay  certafady  be  Mud  to  bava  eAabUibcd  its  own 
lapntaiioii."— fiW^Mrv^. 

Strains,  Formulae  &  Diagrams forCalculoHan  of, 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ; consisting  of  Formul^and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  AppUcation,  &c.  By  WiLLlAM 
Humber,  Assoc.  Inst.  C.F,,  &c.  Second  Edition.  Fcap.  Svo, 
with  nearly  100  Woodcuts  and  3  Tlates,  "js.  6d.  cloth. 

"The  arrangement  of  the  matter  in  this  little  voluOM  Is  as  convenient  as  it  well 

could  be  The  system  of  employing  diagnns  as  a  f"^*«fiTtT  for  Trrnirhit 

computations  is  one  jiuUy  coming  into  great  favour,  and  Uk  tint  WSpect  Mr.  BuiEil^ 
vofaone  ii  fiiUjr  up  to  the  times.  "'—Etiptutrmg, 

**  The  fbramfae  are  neatly  exjpressed,  and  the  dbarams  good.*— v4fAm«Mi». 

"  Mr.  Humber  has  rendered  a  great  service  to  ue  aiaiitect  and  engineer  hy  pro- 
ducing a  work  especially  treating  on  the  methods  of  delineating  the  stnum  un  uoa 
boaau^  roeiih  and  btidlgca  by  owans  of  diagIaau^"— AniUm 

Barlow  on  ike  Strength  of  Metterials^  enlarged, 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  Peter  Barlow,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R.S.,  to  whidi  are  added  Experiments  by  Hodgkinson,  Fair- 
bairn,  and  KiRKALDY  ;  an  Essay  (with  Illustrations)  on  the  effect 
produced  by  passing  Weights  over  Elastic  Bars  by  the  Rev. 
koBERT  Willis,  M.A.,  I^R.S.  And  Formuke  for  Cdcokting 
Girders,  &c  The  whole  arranged  and  edited  by  W\  Humber, 
AcBOC.  Inst.  €.£.,  Author  of  "  A  Complete  and  Practical  Treatise 
4UI  Cut  tad  Wroii|lit>IroB  Bridge  Conitnictiaa,''  ke.  8n>,  400 
pp.,  with  19  large  Plates,  and  numerous  woodcuts,  its.  doth. 

**TbebookUandoubtedly  worthy  of  the  highest  commendation." — Minim  ytmnnt. 
"The  best  book  on  tne  subjea  which  has  yet  appeared.   .   .   .  ,  W%  hwiraf 
■0  work  ibat  so  conpletdy  fulfils  iu  missioii.' — £N|f/us4  Mtdumie, 
'*Tht  smdaid  tNBtise  upoo  this  particolviiilHeti*— ^iV^hMr. 
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Tramways  and  Tram-Trajific, 

TRAMWAYS:  their  CONSTRUCTION  and  WORKING. 

Containing  a  Comprehensive  HiflUny  of  the  System  ;  an  exhaus- 
tive Analysis  of  the  Various  Modes  of  Tfaction,  including  Horse 
Power,  Steam,  Heated  Water,  and  CompreMed  Air;  a  D^xiptian 

of  the  varieties  of  Rolling  Stock  ;  and  ample  Details  of  Cost  and 
Working  Expenses,  with  Special  reference  to  the  Tramways  of  the 
United  Kingdom,  By  D.  Kinxear  Clark,  M.  I.  C.  E.,  Author 
of  *  Railway  Machinery, '  &c.,  in  one  voL  Svo^  with  numerous  illus- 
trations and  thirteen  folding  plates.  [Nearly  ready. 

Iron  atid  Steel. 

'IRON  AND  STEEL':  a  Work  for  the  Forge,  Foundry, 
Factory,  and  OfHce.  Containing  Ready,  Useful,  and  IVustwortliy 
Information  for  Ironmasters  and  their  Stocktakers  ;  Managers  of 
Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills ;  Iron  and  Metal 
Founders ;  bon  Ship  and  Bridge  Bnuders ;  Mechanical,  Mining, 
and  Consulting  Engineers  ;  Architects,  Contractors,  Builders,  and 
Professional  Draughtsmen.  By  CHARLES  HoARE,  Author  of 
'The  Slide  Rtde,'  Sc.  Eighth  Edition.  Revised  throogfaoat  and 
considerably  enlarged.  With  folding  Scales  of  "Forcigii  Mea- 
sures compared  with  the  English  Foot,''  and  "fixed  Scales  of 
Squares,  Cubes,  and  Roots,  Areas,  Dednud  Equivalents,  &c'* 
Oblong,  32mo,  leather  elastic-band,  61; 

"  W«  cordially  wcoitunend  this  book  to  diose  engaged  !n  conddcriny  the  details 
of  aO  lands  of  iron  and  steel  works.   ....   It  has  been  compiled  with  care  and 

accuracy  if  My  oaefal  niles  and  hints  are  given  for  lessening  the 

amount  of  arithmetical  labour  which  b  always  more  or  less  necessary  in  arranging 
iron  and  steel  work  of  all  kinds,  and  a  great  quantity  of  useful  tables  for  preparing 
estimates  of  wetghu.  dimensions,  strengths  of  structures,  costs  of  work,  &c.,  t^-iii  be 
found  in  Mr.  Hoare's  book.— ^V<i»»/  Science. 

Wealds  Engineer  s  Pocket-Book, 

THE  ENGINEER'S,  ARCHITECT'S,  and  CONTRACTOR'S 
POCKET-BOOK  (LocKWOOD  &  Co.'s;  formerly  Weale's). 
Published  Annually.  In  iota  tadc,  gilt  edges,  with  10  Copper- 
Plates  and  numerous-^Woodcuts.  fix. 

"  A  vast  suDOiut  of  really  vctiuable  matter  condensed  into  the  aaall  dimaw 
sions  of  a  book  which  is,  in  rcaliiy,  what  it  professes  to  be— •  podMlJwak*  *  .  • 
W«  oofdially  recommend  the  haivw^Miny  Guardian, 

**It contatas  a  large aaMMiat«f  iafesaMtion  peculiarly  valaaible  |e  4wsa farvhoie 
use  it  is  compiled.  We  cordiilly  couaod  U  to  the  sathwrrim  and  aNkiMctaial 
professions  generally."— .^i«M!f75M»w«A 

Iron  Bridges,  Girders,  Roofs,  &c, 

A  TREATISE  on  the  APPUCATION  of  IRON  t^the  CON. 

STRUCTION  of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  rrinciplcs  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
tlie  u-e  of  Students  and  Practical  Mechanics,  all  Mathematical  For- 
muhe  and  Symbols  being  excluded.  By  Fra.ncis  Campin,  C.E. 
Second  Edition  revised  and  corrected.  With  numerou*  Diagrams. 
12010^  doth  boards,  3^ . 
^^Invaluatle  to  those  who  haTt  not  beoa  educstad  la  WMfhemtScs,'*— CWIftiy 

"  RematitaUj  accaxata  and  weO  wniXm.*—ArHnm, 
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Pioneer  Engineering. 

PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  tlic  Settlement  of  Waile  Lands  in  New 
Countries,  Hy  Kdward  Dohson,  AssOC  InsL  C.E.,  Author  ol 
*'The  Art  of  BuiUUnp,"  &c.  With  numerous  Plates  and  Wood 
Engravings.    Crown  8 vo,  lOi.  6(/.,  cloth.  {Just  puulished. 

**A  most  useful  h.indiiouk  to  engineering  pioneers."— /rer;. 

"The  author's  experience  has  been  tumea  to  good  account,  and  the  book  is  likely 
|>  l»  Of  coMjdwMttewice  to  pigMW  mwaita%r—BmiUin£  New. 

New  Iran  Tradei  Companion, 

THE  IRON  AND  METAL  TRADES'  COMPANION: 
Being  a  Calculator  containing  a  Scries  of  Tables  upon  a  new  and 
comprdiensive  planibr  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from  is.  per  cwt.  to  II2J.  per 
cwt.,  and  from  one  farthing  per  pound  to  one  shilling  per  pound. 
Each  Table  extends  from  one  pound  to  lOO  tons  ;  to  which  are 
appended  Rules  on  Decimals,  Square  and  Cube  Root,  Mensuration 
OlSuperficies  nnd  Solids,  &c.  ;  also  Tables  of  Weights  of  Mnterials, 
aiul  other  Uscfid  Memoranda.  By  Thomas  Downie.  Strongly 
bound  in  leather,  396  pp.,  9^. 
"  A  most  useful  set  of  tables,  and  witi  supply  a  want,  for  nothing:  like  them  before 

•listed. " — BMiUing  Iftwt. 
"  Wm  save  the  possessor  iIm  iRMiblft  «f  nttldnc  oaauraut  iBtrical*  cateolatioM. 

AtAoui^  specially  adapted  to  the iroa  lad  metal  tnujes,  the  tiMw  cawHiBad ia  <fcb 

kudsr  little  companion  will  be  found  useful  in  every  otiier  boainen  ia  wUdt  awt* 

dMuraiM  is  bought  and  told  1>v  weight."— i?<v«/H«i^  AVicu. 

Sanitary  Work. 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 

IN  VILLAGES.  Compri-sing  :  — i.  Some  of  the  more  ComnK>n 
Forms  of  Nuisance  and  their  Remedies  ;  2.  Dtainage ;  3.  Water 
Supply.  A  ttsefiil  booklbr  Members  of  Local  Boanb  and  Rinal 
Sanitary  Authorities,  Healtli  Officers,  Engineers,  Surveyors, 
Builders,  and  Contractors.  By  Charles  Slacg.  Assoc.  Inst.  C.£. 
CrawQ  8to,  5^- «  clotb. 

"Mr.  Slaeg  h.is  1  ro  ight  tOMtfurmuch  valu.iblc  information,  and  has  a  happy 
lucidity  of  expression  ;  and  he  nas1>een  industrious  in  collecting  data." — Athftueufn. 

"This  is  a  very  useful  book,  and  ni.iy  l*c  s.ifcly  recommended  The  author, 

Mr.  Charles  Slagg,  has  hail  practical  cxperiei;cc  in  the  works  of  which  he  treats. 
There  is  a  Rrcat  deal  of  work  required  to  be  clone  in  the  smaller  towns  andvUbcn* 
and  this  little  volume  will  liclp  those  who  are  willing  to  do  ii,"—£t€iidfr. 

Sanitary  Engijiccring, 

WIIOLESOMK  HOUSES:  being  an  expoMtion  of  the  Banner 
System  of  Sanitation.  Hy  Edward  (  Jrf-.gson  Hanner,  C.E.  Neir 
and  enlargecl  edition  (25th  thousari'i),  illustrated  with  numerous 
Wood  Engravings.  Crown  8vo,  sewed  6</.,  cloth  ij.-.  \yust publish^. 

Steam  Engine. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able^ an  Elementary  Treatise  on.  Being  an  ExtttttlkNl  of  Ab* 
John  Sewell's  Treatise  on  St»:im.  By  I).  Kinnfar  Clark, 
C.E.,  M.LC.E.,  Author  of  "  Railway  Locomotives,"  ice.  With 
Illustrations.  l2mo,  4^.,  cloth. 
"Every  MMBCUI  part  of  the  subjea  is  treated  ef  comfNtently,  aod  ia  a  popular 
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Strains, 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK; 
with  Practical  Renuu-ks  on  Iron  Conslruction.  By  F.  W.  SheILDS, 
M.  Inst.  C.E.  Second  Edition,  with  5  plates.  Royal  8vo,  ^s.  cloth. 

CoNTHNTS . — InlT  iductory  Remarks  ;  Beams  LoaJc-l  at  Centre  ;  Beams  Loaded  2t 
unequal  i!i>Lincc,s  l>ciwccn  Kup|><irLs  ;  Beams  unifonuly  Loaded  ;  Girders  with  triangu- 
lar bracmt;  Loaded  at  centre  :  Ditto,  Loaiied  at  unequal  distances  between  supports  ; 
Ditto,  uniformly  Loaded  ;  Calculation  of  the  Strains  on  Girders  with  triangular 
Basings :  Caotilevers ;  Continuous  Girders;  Lattice  Girders;  Girders  with  Vertical 
Struts  and  Diagonal  Ties  ;  Calculation  of  the  Strains  on  Ditto ;  Bow  and  String 
Girders  ;  Girders  of  a  form  not  belonging  to  any  reg\ilar  figure  :  Plate  Gildort  j  ikf- 
portionments  of  Material  to  Strain;  Comparison  of  different  Girdmi  RopoilMIBOf 
Leogtiito  Depth  of  Girders ;  Character  of  the  Work  :  Iron  Roofs. 

Construction  of  Iron  Beams,  Pillars^  &c, 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  tiie  Smelting  Furnace.  By  James  Armour, 
C.E.    Woodcuts,  l2mo,  cloth  boards,  3X.  6d.  ;  cloth  limp,  zr.  6d. 

"A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deserving  of 
ciiculation  amonc^t  working  men." — Miniut^  Journal. 

No  ironworker  who  w&hes  to  acquaint  himself  with  the  ptiadplea  of  his  own 

mam  mWnmA  *M        w«#1ijtM*  a*  ^.^^XMa4]L  T\mMAumm  Jt^lMiM— i 
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Power  in  MoHtm, 

POWER  IN  MOTION :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angulxir  Forces,  &c. 
By  JAM£S  Armour,  C.E.  With  73  Diagrams.  i2mo,  doUi 
boards,  jr. 

"  Numerous  illustrations  enable  the  author  to  convey  his  meaning  as  explicitly  as 
it  is  perhaps  possible  to  be  conveyed,  llie  value  of  the  theoretic  anopcactical  know* 
kdgi  ifMttd  CMnoe  wdl  be  vm  «>trini>m<i.*— iABf«n»rtlr  Gkrmiel*. 

Metallurgy  of  Iran. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con 
taining  Outlines  of  the  History  of  Iron  Manufacture,  Metho<ls  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Baubrman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerotis  Illustrations.  Fourth 
Edition,  revised  and  much  enlarged.     i2mo,  cloib  boards,  5^  6d. 

"  Carefully  written,  it  hat  th*  OMril  of  bicvity  and  conciseness,  as  to  less  important 
Mbiti.  whik  all  matieml  aatten  «ra  vary  wUir  aait  thoraigUy  coiend  iato."— . 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo* 
grapliical  and  Topogrnphicil  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &C.,  with  the  most  useful  Problems  iu  Geodesy 
and  Practical  Astronomy,  and  Formulae  and  Tables  for  Facilitating 
their  Calculation.  By  Lieu t-General  Frome,  R.E.,  late  In- 
spector-General of  Fortifications,  &c  Fourth  Edition,  Enlaqjed, 
tnoroughly  Revised,  and  partly  Re*writteii.  By  Captaih  COAfttJB 
Warrfn,  r  e.,  F.G.S.  With  19  Plates  and  115  Woodcut^ 
royal  8vo,  cloth. 
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Practical  Tunndling. 

PRACTICAL  TUNNELLING:  Explaining  in  detail  the  Setting 
out  of  the  Works,  Sliaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub- Excavating,  Timbering, 
and  the  Conistruction  of  the  l3rick>vork  of  Tunnels  with  the  amount 
of  labour  requiicd  for,  and  the  Cost  of,  the  various  portions  of  the 
■work.  By  Frederick  Waltfk  Simms,  M.  Inst.  C.E.,  author 
of  "A  Treatise  on  Levelling."  Iliird  Edition,  Revised  and  Ex- 
tended, i»ith  additional  chapters  illustrating  the  Recent  Practice  ot 
Tunnelling  as  exemplified  by  the  St.  Gothard,  Mont  Ccnis,  and 
oUier  modem  works,  by  D.  Kinnear  Clark,  M.  Inst.  C.£. 
Imp.  Svo,  with  ai  Folding  Plates  and  nmneraiis  Wood  En- 
gravings,  30J.,  cloth. 

"  It  is  the  only  practical  treati&e  on  the  great  art  of  tunnelling.  Mr.  Clark's  wotk 
Magi  die  exigencies  of  tltmiel  enterprise  up  to  our  own  time.  The  great  length  of 
modem  tunnels  has  lad  to  a  new  lUfficutar  in  tiM  art,  whksh  tin  last  nonaiiaa  was 
ignorant  of,  namely,  the  dMlictilly  of  vcomtioii.  la  Mr.  ClaiVs  suppfaueut  we  find 
this  branch  of  the  subject  has  been  fully  considered.  Mr.  Clark's  additional  chapters 
on  the  Mont  Cenis  and  St.  Gothard  Tunnel«  contain  minute  and  valu.iWe  experiences 
and  d.it.i  relatwi^  to  the  methdd  of  excavation  by  compressed  air.  the  heading 
operations,  rock  b<:ring  machinerj',  process  of  enlarpemcni.  vcntilat  mn  in  course  of 
construction  by  cmprcsied  air,  labour  and  co5t,  &c.'  — nniidmi^  .^V7(  .^ 

*'  1  he  estimaticn  m  which  Mr.  Simms'  bcok  on  tunnelling  has  lx:cii  held  for  over 
thirty  jcirs  cannot  be  more  truh  expressed  than  in  the  v.crd<.  of  the  late  Professor 
Rukine  '  llie  best  source  of  itiformation  on  the  subject  of  tunnels  is  Mr.  F.  W. 
Sbaint*  woik  on  "Practical  ThnBaBiBK.* *—The  Ar^itect. 

Levelling, 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roatis  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  \V.  Simms, 
F.G.S.,  M.  Inst.  C.E.  ,  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curxes,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Cireular  Curves.  With  7  Plates  and  numerous  Woodcuts,  svo, 
Sr.  6(f.  doth.  V  Trautwine  on  Cnnres,  tcparateb  5r. 

"  One  of  the  most  important  text-bocks  for  the  general  surveyor,  anJ  there  is 
scarcely  a  question  connected  w  ilh  levelling  for  which  a  i^lution  would  be  snughtb 
that  would  be  satisfactorily  answeied  by  consulting  the  volume."— A/i«»>/^  Journal. 

"  The  text-book  00  levelling  in  most  of  our  engineering  schools  and  colleges."— 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE ;  an  Exposition 
of  ita  Comparative  Merits,  and  an  Essav  towards  an  Improved 
Svstem  of  Construction,  adapted  esi)ecially  to  secure  Safety  and 
£!conomy.  By  Dr.  Ernst  Alban,  Piactical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  Genaaan,  widi  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst  C.E.,  &c  &c  With  38  fine  Flatca, 
8vo,  i6j.  dd.  cloth. 

"  A  work  lilce  this,  which  goes  thoroughly  into  the  examination  of  the  high-pressure 
engine,  the  boiler,  and  iu  appendages,  &c.,  is  exceedingly  uMM^  aaddCMms  a  place 
in  every  acieatific  kbtaiy."— ^/^aw  Ski^ittg  Chrmku. 
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Reyndldi  LocamoHm-Engim  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  :  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive   Engines.     By  Michafl 
Reynolds,  Inspector,   Locomotive  and  Carriage  Department, 
London,  Brighton,  and  South  CoMt  Railway.   Second  Edition. 
With  Illustrations.    Crown  8vo,  4^.  6t/.,  cloth.      V}ust published, 
"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently 
reoonuncnd  (he  (nxik  not  only  to  the  practical  driver,  but  to  every  one  who  Mket  SD 
interest  in  the  performance  of  locomotive  engines."- -7"^  En^ir.trer. 

"The  work  is  as  novel  as  it  i,  u-cful,  and  if  drivers  and  firemen  will  but  take  as 
much  pains  in  reading  it  as  the  author  has  in  writing  it,  there  can  be  no  question  as 
to  the  oenefit  they  will  fitrxst." — EttgUtk  MfchoHk. 

"  llr.  VuefBucMx  has  opened  a  new  chajNcr  in  the  litcntun  of  the  day.  Thia 
adnriraUe  pmetical  treatise,  of  the  practiod  utlityof  whidiwt  havs  to  tpcak  in 
terms  of  warm  comnwodatktn.'*— w4/Ar4M«Mi. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Dischame  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formube,  Tables,  and  Gawal 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  JOHN  Nevillb, 
Civil  Engineer,  M.R.I.A.  Third  Edition,  caremUy  rerifed,  wUi 
considerable  Additions.  Numerous  lUuitlltaons.  Cr.  8vo,  141;  doth* 

"  Undoubtedly  an  exoecdioffly  uaeful  and  olaboiaio  eonpilatiOB.'*— /raw. 
"  Alike  valuabk  to  fiudents  end  engineen  b  piactico  ."—Mbdag  faummt. 

Strength  of  Cast  Iron,  &c, 

A  PRACTICAL  ESSAY  on  tfie  STRENGTH  of  CAST  IRON 

and  OTHER  METALS.  By  the  late  Thom  as  Tredgold,  Men. 
Inst  C.E.,  Author  of  "  Elementary  Principles  of  Carpentry,"  &c. 
Fifth  Edition,  Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to 
wych  are  added  EXPERIMENTAL  RESEARCHES  on  the 
STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 
By  the  Editor.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.   8vo,  12s.  doth. 

Hodgkinson  on  Cast  Iron,  icpante^.  Price  61; 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
stniction,  and  Economical  Working.  By  R.  WiLSON,  A.I.C.E. 
Fointh  Edition.    i2mo,  6j.,  doth. 

"The  let  work  on  Ivcilcrx  vhn.h  h.is  r  imc  under  ourttOtioe.'' — Engintrring. 
*'  The  lot  t(  ejti>c  that  has  ever  been  published  on  Steam  boUers.**— i^v*'*'''^''- 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radios.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Printed  on  48  Cecd%  and  sold  in  a 
doth  box,  waistcoat'pocket  sixe»  3/.  6</. 

"Each  uble  is  pnnted  on  a  small  card,  wUch,  being  ^aoedoaAothsodoBMhltOfM 
dM  hands  free  to  manipubte  the  instrument— no  ^mall  aavaiini|tOtlK|0MllAoafifiQf 
of  woriL  They  are  clearly  printed,  and  compactly  fitted  &itO  a  small  CMO  nr  tto 
podtOl—«n  arrangement  thlt  will  retrom  ncnd  tncm  to  all  practical  men." — Enginetr. 

'*T«nr  handy :  a  man  may  icnow  that  all  hi»  day's  work  must  fall  on  two  of  these 
CHdi,  vttidi  bo  puu  into  his  owm  caitl<aM,  and  learn  the  rcttbthiad.'*  Atktitmmm^ 
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Slate  and  Slate  Quarrying, 

A  TRKATISK  ON  SLATE  AND  SLATK  QUARKVTNG, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davie.s,  F.G.S., 
Mining  Engineer,  v\c.  With  numerous  Illustntions  and  Folding 
Plates.    Crown  8vo,  6j.,  cloth.  [Just puMiskedi 

"A  useful  and  practical  hand-book  on  an  important  industry*." — Engimeerinf^. 

"  A  useful  cinVnulii-.ii.-nt  ('f  nr.i'  t'.cnl  itiforinaiion  dcri\cil  from  original  sotirfc^.  com- 
bined with  a  di^i-l  of  c\ci>  t)mi;;  tlial  has.  alrc:id>  apj^cucd  tiLcly  to  be  of  interest.  " 

"There  is  no  other  liook  which  contains  so  much  information  concerning  the  pro- 
cedure obicrvcd  in  t.iking  quarries,  the  proi  c-^scs  emjiloyed  in  working  it  em,  and 
Kttch  full  tututics  of  the  present  and  uast  po»ition  oi  the  great  &laie  trade  of 
Utimr—Tlu  ArOttteet. 

Earikwork. 

EARTHWORK  TABLES,  showing  tlic  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  JoiEi'H  liROADnENT,  C.  E.,  and  Francis 
Campin,  C.E.  Cr.  8vo,  oblong,  5/.  cloth. 
"The  way  in  which  Mcuncy  is  Attained,  1^  a  simple  division  of  eadi  cmi 
■action  into  thne  daninttb  two  of  whidi  aie  oonlaiit  and  one  variable,  k  in* 

**  OiTttt  ftO  to  COM  iaio  cmmmI  utt»'''-^im^f  ynwiiiaf 

Surveyings  (Land  and  Marine), 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  tfw 
Prepamtioii  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harbours ;  with  Description 
and  Use  of  Surve>ing  Instruments.  By  W.  Davis  Haskoll,  C.E. 
Svo,  I2J.  6d.  cloth,  wth  14  folding  Platc!^,  and  numerous  Woodcutg. 

"A  most  useful  and  well  arranged  book  for  the  aid  of  a  iXuAtnX." —Builder. 
*'  Cannot  fail  to  prove  of  the  utmost  practical  utility,  and  may  be  safely  reoon* 
nggricdloatt  students  who  as^  to  become  dean  and  expert  sutveyots."~ifiMv 

Engineeriftg  Fieldwark, 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider* 
able  additions,  and  a  Supplementar}'  Volume  on  W^ATER* 
WORKS,  SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  Haskoll,  C.£.  Numerous  foldinc  Plates.  Demy  Svo,  3 
volt,  in  onc^  doth  boudt,  iL  u*  (pnbi^ihed  at  2L  4/.) 

Mining,  Surveying  and  Valuing, 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 

PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Siir\'eying,  with  new  Traverse  Tables  ;  and  Descriptions  of  Im- 
proved Instnunents  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  William  Lintern,  Mining  and  Civil 
Kngincwr.  with  fonr  Plates  of  IMagrams,  Phms,&c.,  i2ino,4r.,cIoth. 

**GoDtaias  much  valuable  infoniiruiori  gi\Tn  in  a  small  compass,  and  which,  as  far 
•two  liaTe  tested  it,  is  thoroughly  trustworthy." — Iron  and  Coal  Trades  Rez'iew. 

%*  The  above^  bound  with  Thomam's  Tabiss.  (See  page  22). 
Prico  Is,  6<&,  doth. 
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Fire  Eiigmeerin^. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Ei^nes,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  ^re-Proof  Building  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns ;  Foreiffn  Fixe  Systems  ;  Hints  on  Fixe  Brigades,  &c.,  Ac. 
By  Chaxlbs  F.  T.  Young,  C.B.  Willi  aumeroas  IIliitt»don% 
handsomely  printe  d,  544  pp.,  demy  8»0>  l/.  4J.  cloth. 
"  We  cm  most  heirtily  commend  this  book.  ....  It  is  really  the  only  English 
work  we  :i  .w  have  upon  the  Rubject.*' — EngintcriHg, 

'*  We  iuoagly  reooaaieod  the  book  to  the  aotioe  of  all  who  are  ta  aay  way  lap 

Mmmtal  of  Miniytg  Took, 

MINING  TOOLS.    For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.    By  William  Morgans,  Lecturer  on  Prac- 
tical Mining;  at  the  Bristol  School  of  Mines.    Voltmve  of  Text. 
i2mo.  With  an  Atbs  of  Plata,  cwnhiinhig  ^5  lUmtiitioin.  4tab 
Together,  9j.  cloth  boards. 
"Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordtnat*  ollictaU  ia 
mines,  and  even  Overmen,  Opt.iins,  Managers,  and  Viewef*  may  nin  practical 
knowledge  and  useful  hlais  i-y  ihe  study  of  Mr.  Morgans'  Manual.'*— C«//wt7 
QlUirdia  >!. 

"A  very  valuable  work,  >Ahit.h  wiil  tend  matcnaUy  to  improve  our  mioiag  litcn* 

Common  Sense  for  Gas- Users. 

COMMON  SENSE  FOR  GAS-USERS:  a  Catechism  of  Gas- 
Lighting  for  Householders,  (iasfitters,  Millowners,  Architects, 
Kngineers,  &c.,  &c.  By  Robert  Wilson,  C.E.,  Author  of  "A 
Treatise  on  Steam  Boilers. "  Second  Etlilion.  Crown  8vo.  sewed, 
with  Folding  Plates  and  Wood  Engravings,  2S.  Od.  fublislud. 

Gas  and  Gasworks. 


A  TREATISE  <m  GASWORKS  tnd  the  PRACTICE  of 

M.\NUFACTUR1NG  and  DISTRIBUTING  COAL  GAS. 
By  SA.MULL  IIi  GHF.s,  C. E.  Fourth  Edition,  revised  by  W. 
RiCHAitD.s,  C.£.    With  68  Woodcuts,  i2mo,  4J.,  cloth boardi, 

WaimxHnrks  for  CiHes  and  Toums. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 


with  a  Description  of  the  Principal  Geological  Formations  of 


F.G.S.,  Civil  Engineer.   New  and  enlarged  editkm,  iTrnto,  with 

numerous  Illustrations,  5j.,  doth  lx>ards. 
"  One  of  the  mo<^t  convenient,  and  at  the  sane  time  reliable  works  00  a  sutdact, 
tbavittliavomnce  of  whuh  c  iTii  ot  ba  iwii  ■limswH  *  Bim4fml Ohttvtt'. 

Coal  and  Coal  Mining. 

COAL  AND  COAL  M INING  :  a  Rudimentary  Treatise  on.  By 
Waringto.n  W.  Smyth,  M.A.,  F.R.S.,  &c.  Chief  Inspector 
of  the  liiiies  of  the  Crown  and  of  the  Duchv  of  ComwalL  New 
edition,  rev-i'^ed  and  corrected.    IttIO,  with  nameiOIIS  lUnstim* 
tions,  4j-.  6t/.,  cloth  boards. 
"Every  portion  of  the  volume  appe-irs  to  have  been  prepared  with  much  care,  and 
as  aa  ouuiae  is  civcn  of  every  known  coal-field  in  this  and  other  countriw,  as  well  as 
Cf  the  two  principal  methodn  of  working,  the  bOOk  w3l  douWMS  blmk  ftVWy 
Infa  auaiber  af  xKuim^'^Mimimg  Jtmmtl. 


By  Samuel  Uughss, 
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Roads  a^td  Streets. 

THE  CONSTRUCTIOX  OF  ROADS  AND  STREETS.  In 

Two  Tarts.  I.  The  Art  of  Constructing  Common  Roids.  V>y 
Henrv  Law,  C.E.  Revised  and  Condensed  by  D.  Kin  near 
Clark,  C.E.~II.  Recent  Practice  m  the  Construction  of  Roads 
and  Street^  :  including  Pavements  of  Stone,  Wood,  and  Asjihalte. 
ByD.  KiNNEAR  Clark,  C.E.,  M.I.C.E.,  Autlior  of  ''Railway 
Madiinerjr,*'  **  A  Manual  of  Rules,  Tables,  and  Data,"  ftc  WiUi 
numerous  Uhislnitions.    i2nio,  5a.,  clotli.  \ynst piihlnhed. 

"  A  book  which  every  borough  surveyor  and  engineer  must  pos&ess,  and  which  will 

be  of  considerable  service  to  Mdihects,  builden,  and  property  owaas  geaeiaUf."— 

BuiUmg  Newt. 

"The  volume  U  S'.:2ge.stive,  and  will  be  an  acquisition  not  only  to  engineers  but  to 
the  greater  number  of  people  in  this  country  on  whom  devolves  the  admimatcattoa  of 
roads  as  a  part  of  the  system  of  local  government."—  Tkc  ArtkUttt. 

**  To  highway  and  town  surveyors  this  book  will  have  the  utmost  valocu  and  as  con- 
latinBg  the  btgiast  amount  of  information  in  the  shortest  space  and  at  the  lowest  price, 
we  may  predict  for  it  a  wide  circvi!.-uion."— yfwnw/^ Gut  Ligkth^. 

Field-Book  for  Engi^uers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  By  W.  Davis  Haskoll,  C.E. 
Third  Edition,  enlarged,  consisting  of  a  Series  of  Tables,  with 
Rules,  Explanations  of  Systems,  and  Use  of  Theodolite  for  Traverse 
Surveying  and  Plotting  the  Work  trith  minute  accuracy  by  means 
of  Straight  Edge  and  Set  Square  only ;  Levelling  with  the  Theodo- 
lite, Casting  out  and  Reducing  Levels  to  Datum,  and  Plotting  Sec- 
tions in  the  ordinary  manner;  Setting  out  Curves  with  the  Theodo- 
lite by  Tangential  Angles  and  Multiples  M-ith  Right  and  Left-hand 
Readmgs  of  the  Instrument ;  Setting  out  Curves  without  Theodolite 
on  the  System  of  Tangential  Angles  by  Sets  of  Tangents  and  Off- 
sets; and  Earthwork  TaUes  to  wieet  deep,  calculated  for  every  6 
inches  in  depth.  With  numerous  wood-cuts,  T2mo,  \2s.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  aiMed  that  the  separate  tables 

of  sines  and  ungents  to  every  mirnite  will  make  it  ii'^efu!  fur  many  Other  putpOMI,  the 

genuine  traverse  tables  existing  all  the  same." — AtlutuT-.im. 

"A  very  useful  work  for  the  pr.ictical  engineer  and  surveyor."— ^<wViwiy  NtU't. 
**  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability 

and  utility,  to  be  estaaitv^  patronised  hr  dw  eaigiaaering  |>ofiHaioa.'^-=-jrMv 

"WastraaiArracomaMad  it  to  all  dasses  9imaynjon.'''^aUury  Guarduut. 

Earthwork^  MeasuremeiU  and  CcUculatum  of, 

A  MANUAL  on  EARTHWORK.  By  Ai.f.x.  J.  S.  Graham, 
CE.,  Resident  Engineer.  Forest  of  Dean  Central  Railway*  With 
numerous  Diaentms.   iSino,  2x.  6«/.  doth. 

"As  a  rc.illy  handy  Book  for  reference,  wc  know  of  no  work  eqii.il  to  it :  and  the 
railway  eneineers  and  others  employed  in  the  nica.siaremeiit  aivl  ca'.cul.itioii  of  earth- 
work will  find  a  great  amount  of  practical  infornxation  \zry  admirably  arranged,  and 


available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculauons 
required  hi  the  eogioeenr  oontnctor^s  ofioo.*— if  rtinns. 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS  :  A 
Treatise  on  Maritime  Engineering.  By  Thomas  Stevenson, 
F.R.S.E.,  F.G.S.,  M.I.C!.E.  Second  edition,  oontaining  many 
additional  subjects,  and  othen^Tse  generally  extended  and  reviMO* 
V     With  20  Plates  and  numerous  Cuts.   Small  4to,  15/.  doth. 
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Bridge  Construction  ift  Masonry ^  Timber,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION  OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  AdmeasuFcment  of  sdect 
Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
Oliistnted  with  6  pages  of  Diagrams.  Imp.  4tov  a/,  tar.  half- 
morocco, 

**  One  of  the  very  few  works  exunt  descending  to  the  level  of  ordinar>'  routine,  and 
treating  on  the  common  cver>'-day  practice  of  the  railway  engineer.  ...  A  work  of 
the  present  nature  hy  a  man  of  Mr.  HaskoU's  ejmenence,  must  prove  invaluable  to 
hundreds    The-  tables  of  oitimatM appended  to  tbicditiaa  will oonaidBfablfCBiiaMe 

itt  value. " — En^i'ieenn^, 

Mathe77iatical  Instruments,  their  Coftstruction,  &c. 

MATHEMATICAL  INSTRUMENTS  :  their  CONSTRUC- 
TION,  ADJUSTMENT.  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveying,  and  Astronomical  Instru- 
ments. Bv  J.  F.  Heather,  M.A.,  Author  of  "Practical  Plane 
Geometry,''  "Descriptive  Geometiy,*' &C.  Bnhiged  EditiQii»  ior 
the  mo  t  part  entirely  lewritteiL  With  nnmeroaa  Wood'Cnta. 
l2mo,  5 J.  cloth  boards. 

Drawini^  for  E?tgineers,  &c. 

THE  WORKMAN'S  MANUAL^  OF  ENGIXEERING 
DRAWING.  By  John  Maxton,  'Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A, 
South  Kensii^on.  Third  Edition,  carefully  revised.  With  upwards 
of  300  Pktet  and  Diagrams,    tamo,  eloUi,  strongly  bomid,  4/.  6dr. 

"  Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  thett. 
A  copy  of  tt  should  be  kept  for  reference  m  every  drawing  office." — Eti£uu€riti£. 
••  imlitpoMable  for  teachm  cfiBguMcriag  dmriBg.**  MtdumM  M^aalmt, 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with 
Plates.   Imperial  Svo,  Sc.  dotlk 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.     By  Geo.  Watson 
Buck,  M.  Inst.  C.  K.    Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.E.    Imperial  Svo,  \25.  cloth. 
**Tbe  sttadard  wxt-book  for  all  eqgiiMOT  rcgardiBg  altew  aidwi,  b  Ms.  Sadie's 

Podsei'Book  for  Marine  Engineers, 

A  POCKET  BOOK  FOR  MARINE  ENGINEERS.  Con- 
taining  useful  Rules  and  Formuhv  in  a  compact  form.    By  FRANK 
Prucior,   A.I.N.A.     Second  Edition,  revised  and  enlaiged. 
Ro^  32m<\  leather,  gUt  edges,  with  atrnp^  ^ 
"  We  reconunend  it  to  ooT  iwdcfs  as  Boiaf  flur  to  vavfiv  a  ka^Ml  anatti'*" 

Nitvrtl  Scienct. 

"  A  most  useful  companion  to  all  marine  engineers." —  Uf.itfd Service  G^ueite. 
**  Scarcely  aojrthtog  required  by  a  naval  engine  tr  appears  to  have  been  for* 
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Granthatns  Iron  Ship-Building,  enlarged. 

ON  IRON  SHIP-BUILDING  ;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlai^ed  frdm  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  i2mo,  cloth  limp,  also  considerably  enlarged. 
Bf  John  Gkamthav,  M.  Inst  CE.,  Ac.  sA  21;  complete, 

"A  thoroughly  practical  work,  and  everj-  qucstiun  of  th»  many  in  relation  to  irOB 
chi|q;>ing  whi  :h  a«!mit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 
iaMnttS  atttiLheJ  to  thcin,  is  treated  with  sober  and  impartial  wisdom  and  good  ^ensc. 
.  .  .  .  As  good  a  volume  for  the  instruction  of  the  pupil  or  student  of  iron  raval 
architecture  as  can  Le  foui;d  in  any  language." — Practiecil  Mechanics'  jft^urruil. 

"  A  ytvry  elaborate  work.  ...  It  forms  a  most  valuable  addition  to  the  history 
of  ircm  shtpbuildiqgi  iriiile  its  having  been  prepared  by  one  who  has  made  the  subject 
his  st^:dy  for  vmBf  ycus,  and  whose  qualiacatioas  have  beca  repeatedly  leoacniacd, 
wUl  recommend  it  a»  CM  «f  pnctkal  viSktf  to  all  telofwled  in  d4>buildnig.'*<-^rM(yr 

"Mr.  GiaBtham'sworicisorereatiBlnest.  .  .  .  It  is  alio  valuable  u  a  Kcovd 
«f  the  nragrm  of  iron  shipbuildinc.  .  .  .  It«31,  waaiaooiifid«Qt,«onuBM4  an 
cxICBiive  circulation  among  shipbuilders  in  ceaeral.  .  .  .   By  order  of  the  Bowd 

of  Admiralty,  the  work  will  fonn  the  text-booK  on  which  the  examination  in  iron  sh^ 
building  of  candidates  fer  promotion  in  the  dockyards  will  be  znaiiily  basetL''— 
Et^gbiurvig. 

Wealis  Dictionary  of  Terms, 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHAEOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fifth  Edition,  revised  and  corrected  by  Robert  Hunt,  F.K.S., 
Keeper  of  Mining  Records,  Editor  of  Uie's  Dictiooary  of  Arts," 
&c.     I2mo,  cloth  boards,  6j. 

A  L-ook  for  the  enlightenment  fif  tho'-c  whose  mcmorj' is  treacherom  rr  cdt:'aii(.Mi 
deficient  in  matters  scientific  :iiid  industrial.  The  additions  made  of  codcrn  divco- 
veries  and  knowledge  arc  extensive.  The  result  is  ^70  pages  of  concentrated  essence 
of  clemenury  knowledge,  admiaUyaiid  syrtcmatically  artawged,  and  pruMiicd  in 
neat  and  handy  form." — Irmi. 

"  Tht  best  small  technological  dictionary'  in  the  language."— .<4n-^i/fr/. 

"  A  comprehensive  and  accurate  compendium.  Autbor,  editor,  and  publishers  de- 
lerve  high  ccmmendalioim  Ibr  producing  such  a  useful  work.  We  can  warmly  recoai* 
mend  such  a  dictionary  as  a  standard  work  of  reference  to  our  subscribers.  Evwy 
ironmonger  should  procure  it— no  engineer  should  be  without  it— builders  and  archi* 
tecik  mult  adaiiie  it— metaUuiiiita  and  aich«olegistt  would  profit  by  it."— /rm»- 
jmwjgiry^ 

"The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete."— 7'  •'/■»iu/. 

"l"here  i.s  no  need  now  lo  speak  of  the  excclleiice  of  this  work  :  it  received  tl.c  .ip- 
pro%al  of  the  corrinn.iuty  1  tip  .i^o.  tditcd  nuw  by  Mr,  Kolert  Mvint,  and  put  lishcd 
in  a  cheap,  handy  form,  it  will  be  of  the  utmost  service  as  a  book  q{  reference  !>carcc)y 
to  bt  exceeded  in  value."— •S'cf^Mnm. 

THE  SAFE  USE  OF  STEAM :  coataimng  Rules  for  Unpio- 
fessional  Steam  Usen.    By  ui  Engikebr.  Tiuxd  Edition.  l2mo. 

Sewed,  6d. 

N.  ^,—ThisliUU  vfork  skouUig  in  Uu  Hmtuls  0/  etiery  pa-ion 
haviitg  t0  dtal  mth  s  J^eam  Emgitu  9/  any  kind, 

"  If  «tc.im-user8  would  but  learn  this  little  book  Vy  heart,  .and  then  liand  It  to 
thcu  stokers  to  do  the  same,  and  see  that  the  latter  do  it,  boiler  explosions  would 
beooBS  ■enaatiOBi  by  their  ranty.**— fi^ftfal  Ml0tkmmk, 
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ARCHITECTURE,  &C. 

Consimciian, 

THE  SCIENCE  of  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  Bv  £.  Wynduam  Tarn,  M.A., 
Arddtect.  With  47  Wood  En^Tmgs.  Demy  9vo.  8r.  cloth. 

•*  A  /cry  vnluable  book,  which  we  strongly  recommend  to  ftii  students."— 5«*&fcr, 

"  No  architectural  iktudent  »hould  be  without  this  hand-book." — Architect. 

"An  able  digest o(  tnfofnackmwiuGh iicolf  iobefoiindsc>tie(«dthiot|gh mriow 

worki."  -'Engi furring. 

Beaton  s  Pocket  Estimator, 

THE   POCKET  ESTIMATOR  FOR  THE  BUILDING 

TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners*  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  *  Quantities  and 
Measurements.'  Second  Edition.  Carefully  revised.  33  Wood- 
cats.   Leather,   Waistooat-pocket  size,    is,  hd, 

Beaton* s  Builder^  and  Surveyors*  TecknicalGtude. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
lantla  for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.,  &c.  By  A.  C.  Bkaton.  With  19 
Woodcuts.    Lather.    Waistcoat-pocket  size.    1/.  6J, 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE;  befaig  a 

Series  of  Designs  for  Villa  Re!;idence.s  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  Bv  C.  Wickes,  Architecti 
Author  of  **TheSpiresaBd  Towersof  the  Mediaeval  Chordiesof  Eng- 
land," lie.  Complete  in  i  vol.  61  Plates.  4to,  2/.  2s.  halfmorocca. 

A  SELtcTiON  FROM  THE  ABOVE,  containing  30  Designs, 
with  Detailed  Specifications,  Estimate!^  &c.    %\s.  lutif  morocco. 
"The  wh^'.c  of  the  (icsi;:nv  tnjir  evidoice  of  thdr  beins  the  work  of  an  arttidc 
architect,  and  they  will  prove  very  valuabis  and  Suggestive,  —^mm^/m^  AVntf. 

House  Painting, 

HOUSE  rAINTlXG,  GRAINING.  MARBLING,  AND 
SIGN  WRITKXG  :  a  Practical  Manual  of.  With  9  Coloured 
Plates  of  Wootls  and  Marbles,  and  nearly  150  Wood  Engravincs. 
By  Ellis  A.  Davidson,  Author  of  *  Building  Construction/  &c. 
Second  Edition,  carefully  revised.    12010.  d:.  cloth  biards. 

''Contains  a  mass  of  information  of  use  to  tlic  amatetir  .ml  of  value  t.)  the  practical 
■Uin." — English  Mechanic  . 

"  Deals  with  the  practice  of  painting  in  n.l  its  parts,  from  the  sriading  of  colour^ 
tn  v.xmishinz  .itul  gilding."-— ^rrA/.V  r. 

.    Wilson  s  Boiler  and  Facto7'y  C/ii??nieys. 

BOILER  AND  KACTOKV  CHI.MNEVS  :  their  Dra  ight-power 
and  Stabilitv,  with  a  chapter  on  Lightning  Conduclors.  Hy  Ronr.RT 
Wilson,  A  LC.E.,  Author  of  "  Treatise  on  Steam  i Boilers," 
Ike,  &c.    Crown  8vo,       67.,  clotli.  {Jus! puMrJied. 

**  A  most  valuable  book  of  its  kind,  full  of  uscftil  infomi.ition,  dennite  in  statement, 
and  tboroughlx  practical  ia  tzeatnent."— 7*Ar  Ltcul  Gmfemmmt  Chrmid*. 
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A  Book  on  Building. 

A  BOOK  ON  BUILDII^  CIVIL  AND  ECCLESIASTICAL. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,    F  R.A.S., 
Author  of  "  Clocks  and  Watches  and  Bells,"  &c    Crown  Svo, 
with  Illustrations,  7/.  6</.,  cloth. 
*'  A  book  which  is  always  amtuing  and  nearly  always  iiutnictive.  Sir  E.  Bedcatt 
wiDheicBdl  fbrdiencioess  of  his  iQrlc<  We  are  able  very  cordially  to  tso—a isai 
aU  persons  to  read  it  for  tfaeniclvas.  Tba  sQrla  thnwghoiit  is  ia  dw  hjghwr  d^pca 
coadensed  and  epigraminatte.*— TYasw. 
"  We  commend  the  book  to  the  thomhtfid  eoasidetatieB  of  all  who  are  intecstod 

IB  the  building  viTl,"— Builder. 

"There  is  hardly  a  subject  connected  with  either  building  or  ripatring  on  which 
sen&ible  and  practical  directions  will  not  be  found,  the  use  of  wllicb  is  probably 
destined  to  prevent  naay  an  aanoyaDOB.  disa|ipoiatmcnt,  and  unaeccMaiy  f  rrtw* 
^Daily  Nrws. 

Architecture^  Ancient  and  Modern, 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modern. 

Consbting  of  VITRUVIUS,  translated  by  Joseph  Gwlt, 
F.S.A.,  &c.,  with  23  fme  copper  plates;  GRECIAN  Archi- 
tecture,  by  the  Earl  of  ABERDEEN ;  the  ORDERS  of 
Architecture,  by  W.  H.  Leeds,  Esq. ;  The  STYLES  of  Archi- 
tecture of  Various  Countries,  by  T.  Talbot  Bury  ;  The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  Garbett. 
In  one  volume,  half-bound  (pp.  l,ioo),  oopioasly  illastnted,  lu. 
*  ^*  Sold  separately  t  in  two  vols.,  as  follmvs — 

ANCIENT   ARCHITECTURE.     Containing  Gwilt's  Vitruvius 
and  Aberdeen's  Grecian  Architecture.    Price  or.  half*baaiid. 

N  B  -  This  is  the  9Hly  ediHon  0/  VITRUVIUS  prvmrM  at  m 
moderate  price.   

MODERN  ARCHITECTURE.  Containing  the  Olden,  \n  Leeds ; 
The  Styles,  by  Bury ;  and  Design,  by  Garbett   6f.  huf-bound. 

The  Youn^  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
WICK,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c 
New  Edition,  revised  and  enhuged*  By  G.  Huskisson  Guil^ 
LAUME,  Architect.  Numerous  illustrations.  i2mo,  cloth  boards,  4/. 
"Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
■ece^isary  a  purchase  as  a  box  of  instrumenLs. " — Archttrct. 

"  Contains  a  large  amount  of  information,  which  voung  architects  will  do  well  to 
acquire,  iftheyviutOBaoDaadtailM  «v«yda]r  WOK  of  tiMir  pnAmI^ 

MfchaHtc. 

Drawing  for  Builders  and  Stude7its. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a  Rudimentary  Treatise  on  Per* 
spective  for  Beginners,"    With  14  Plates,  4to,  7j.  (>d.  boards. 

Builder  s  and  Contractor  s  Price  Book, 

LOCKWOOD  ft  CO.*S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK  for  187S,  containing  the  latest  prices  of  all  kinds 
of  Builders'  Materials  and  Labour,  and  of  all  Trades  connected 
with  Building,  &c.,  &c.  The  whole  revised  and  edited  by 
Fkancis  'W  W.  Millbk,  Architect  and  Snrreyor.  Fcap.  8ffo, 
strongly  half-bound,  4x. 
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Handbook  of  Spedficaiians. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  PnurUad 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  eminent 
Architects  and  Engineers.    Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  SpecScatious  and  Contracts,  &c,  &c.    By  Professor 
Thomas  L.  Donaldson,  M.I.B.A.  With  A  Review  or  the 
Law  of  Contracts.    By  W.  CLrNNiNOHAM  Glf.n,  of  the 
Middle  Temple.    With  33  Lithographic  Plates,  2  vols.,  8vo,  2/.  2j. 
"  In  these  two  volumes  of  1,100  pa^es  (together},  forty-four  specifications  of  executed 
works  aregiven,  including  the  specincatiom  for  puts  of  the  new  Houses  of  Parliament* 
by  Sir  Cnarlcs  Barry,  and  for  the  new  Royal  Exchange,  bv  .Mr.  Tite,  M.P. 
I>oiuddsoD's  Handbook  of  Specifications  mu^^t  be  bought  by  all  aicoitects."«nAaMUrr* 


THE  ARCIilTECTURAL  ANTIC^UITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.A.,  and  Eowabd  C&tsv,  Esq. 

New  Edition,  thoroughly  revised,  and  supplemented  under  the 
editorial  care  of  the  Rev.  Alexa.nder  Taylor,  M.A.  (sod  of 
the  late  G.  L.  Taylor,  Esq.),  Chaplain  of  Gray's  Inn.  This  is 
the  only  book  which  gives  on  a  large  scale,  and  with  the  precisioa 
of  architectural  measurement,  the  principal  Monuments  of  Ancient 
Rome  in  plan,  elevation,  and  detaU.  Large  folio,  with  130  Platesi 
half- bound,  3/.  3^. 
*,*  Originally  published  in  two  volumes,  folio,  at  18/.  iSf. 

Specifications  for  Practical  A  rc/iitccture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE : 
A  Guide  to  the  Ardiitect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Es>ay  rin  the  Structure  and  Science  of  Modem  Buildings.  By 
Frederick  Ruoeks,  Architect.  With  numerous  lilustratioos. 
Demy  8vo,  15/.,  doth.  (Published  at  1/.  lor.) 

*,*  A  volumeof  specificitions  of  n  pr.i'  ti'  .il  character  being  greaily  rcquir-.d.  .uul  the 
old  standard  work  of  Alfred  Bartholomew  bcinj;  out  of  print,  the  author,  on  the  babis 

of  th.-^t  work,  has  produced  the  abtive.   He  has  alw  ioierted  qpecificaooK of  woilcs 

that  ha\c  been  erected  in  his  own  practice. 

T/i€  House-Owner  s  Estimator, 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or.  What  wffl  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price- Book  adapted  to  the 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  James  D.  Simon,  A.R.I.B.  A. 
Edited  and  Revised  by  Francis  T.  W.  Miller,  Surveyor.  With 
numerous  Illustrations.  Second  Edi;ir  n,  with  the  prices  caiefidly 
revised  to  1875.    Crown  8vo,  cloth,  31.  oJ. 

"In  two  years  it  will  rcp.jy  its  li'sI  .i  hundred  times  over." — /.<.'./' 
"  A  very  handy  book  for  those  who  want  to  know  what  a  hous-^  wdl  cost  to  build, 
alter,  or  repair."— fwW/j/*  Mfchanu. 

"  Especially  valuable  to  non-professionul  reader^."— ypumai. 

Useful  Text' Book  for  Architects. 

THE  ARCHITECTS  GUIDE :  Being  a  Text-book  of  Useful 

Information  lor  AichitCLi  ,  1  ni^Iiucr  ,  Surveyors,  Contractors, 
Clerks  of  Works,  &t ,  &c.  By  1-  rederick  Rogers,  Architect* 
Author  of  '  Specifications  for  Practical  Architecture,' &c.  With 
numerous  Dlustr«ti<Mis.   Crawn  8^0,  6/.  doth. 
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CARPENTRY,  TIMBER,  MECHANICS. 

TredgoUPs  Carpentry,  mm  and  cheaper  Edition, 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Brktees,  Rooft,  Uniting  Iron  and  Stone  wiA  Timber,  fte.  To  wIiIgIi 
is  w^ed  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c, 
with  Descnptions  of  the  Kinds  of  Wood  used  in  Building ;  also 
mnneroni  Tmliks  of  the  ScantUngs  of  Timber  for  dtflferent  purposes, 
the  Specific  Gra\nties  of  Materiius,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  P£T£&  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  ( 1 1  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcut*.  Id 
I  vol.,  4tOk  published  at  2/.  2J.,  reduced  to  i/.  5^.,  dotlu 
"'TkMbptd*!  Qxt^mier/*  ought  to  be  ia  evoy  ardiitocft  and 
UtarKaMilMMimodoaotalMadyMneMikoag^  dwamr 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  arc  rather  confirmed  than  impaired  by 
time,  and,  as  now  presented,  combine  the  surest  base  wit.^i  the  most  interesting  display 
of  progressive  science.  Tht  additional  plates  axe  of  great  lutnaidc  \al\ic."—£uiiditfg 
Nrws. 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 
and  BUILDER'S  STANDARD  GUIDE.  By  Richard  E. 
Gkandv.    Compriang : — An  Analysis  of  Deal  Standards,  Home 

and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
indtiding  all  intermediate  Expenses,  Freight,  Insurance,  &c.,  &c  ; 
together  with  Copious  Infoi-mation  for  the  Retailer  and  Builder. 
Second  Edition.  Carefully  revised  and  corrected.  i2mo,  3^. 
doth* 

"  Everything  it  pretends  to  he :  built  up  gradually,  it  leads  one  from  a  forest  to  a 
treenail,  and  throws  in,  ns  a  inakcwcieht,  a  host  of  material  concernine  bricks,  colunms, 
cistems,  dvc. — all  that  the  class  to  whom  it  appcali  rctjuin.-?." — Enclish  Mechanic. 

*'  The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  Wliat  wc  have  tested 

Tables  far  Packing-Case  Makers, 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  William  Richardson.  Accoimtant. 
Second  Ivliliiin.   Oblong  410,  3.?.  6</.,  doth.  \^Uit  Published. 

"  Will  save  much  labour  and  calculatioa  to  i>ackiiic-case  maken  and  those  uriio  vte 
padtiae-CMea.*'— gww.        **  InvaluaUe  lalMMir<«aving  taUes."— '/nmiwMfjfvr. 

Nicholsons  Carpenter s  Guide, 

THE  CARPENTER»S  NEW  GUIDE;  or.  BOOK  of  LINES 

for  CARPENTERS  :  coiTi])riMug  all  the  Elen:entary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthitr  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  Gborgb  Pyns.   With  74  Flate%  4to^  i/.  u,  clotb. 
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Dowsing s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION  ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Scjuare  Timber  by  the  Load  of  50  Feet : 
the  readiest  mode  erf"  ascertaining  the  Prtee  of  Scantling  per  linetl 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  WiLUAii  DowsiKG, 
Timber  Merchant  Tlurd  Edition.  Rerised  and  Corrected.  Crown 
8vo,  3J.  cloth. 

"Everything  is  as  concise  and  clear  at  it  can  possibly  be  nude.  There  can  be  no 
doubt  that  every  timber  merchant  and  buSidir  oqgllttO  |MMNIB  llt.'''-HiM  AdvUfHltr* 

Timd^r  Frdght  Book, 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS* 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 

Builders,  and  all  Dealers  in  Wood  whatsoever.  By  WUUAK 
Richardson,  Timber  IJroker.    Crown  8vo»  cloth. 

Hortoiis  Aleasurer. 

THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c,  Ac  ;  Unequafsided,  Sqtiare-sided, 

Octagonal-sided,  Round  Timber  and  Stone,  and  Standing  Timber. 
\Vith  just  allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  neMv-ing  the  trees, 
t^c. ;  ako  a  Table  showing  the  solidity  of  hewn  or  ciglit-sided 
timber,  or  of  any  octagonal-sided  column.  Compiled  for  the 
accommodation  of  Timber-growers,  Merchants,  and  Surveyors, 
Stonemasons,  Architects,  and  others.  By  Richard  Horton. 
Third  edition,  with  considerable  and  valuable  additions,  I2mo^ 
strongly  bound  in  leather,  51. 

"Kol  only  are  the  l>C!>t  methods  of  nicaMircmcnt  sllQWB,  and  in  some  instances 
illustrated  by  means  of  woodcuts,  but  tlic  erroneous  Wfttemk  pursued  bydifhoneU 
dealers  are  fully  exposed  The  work  mtlttteooommd  tabeavsluablBaiddi* 

tion  to  every  gardener's  library.  — 6'ari/r«. 

Superficial  JMeasurement, 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  I  to  200  inches  in  kogldl, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
luigineers,  Timber  Merchants,  Builders,  &c.  By  Jam£S  Haw- 
KIKG&  Fc|».  31.  ti*  doth. 

Practical  Timber  Mcrclumt 

THE  PRACTICAL  TIMr.ER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  BoUdeis,  &c, 
comprising  useful  Tables  for  all  purposes  connected  widi  the 
Timoer  Trade,  Marks  of  Wood,  Essay  on  the  Strength  of  Timlicr, 
Remarks  on  the  Growth  of  Timber,  &c.  By  W.  KiCliAEOSON. 
Fcap.  8vo,  3J.  6</.,  cloth. 
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WORKS  IN  MECHANICS,  ETC., 


The  Mechanic*s  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION,  and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL  ASSISTANT.  By  William  Teaipleton.  Twelfth 
Ediftkm,  with  Mechanical  Tables  forOpeiative  Smiths,  MiUwriglits, 
Engineers,  &c. ;  and  an  Extensive  Table  of  Powers  and  RoolS, 
&c,  &c.  II  Plates.  i2mo,  5^.  bound. 
"  As  a  text-book  of  veference,  in  which  mechanical  and  commercial  demands  «re 
jndkiously  met,  TBMruiTON'sCoMPAIUONsUndsunh  vailed/'— A/«fibuMr/J^^ 

**  Adniirabiy  adapted  to  tlie  wants  «f  a  very  lai:^e  class.  It  has  met  wila  gvMt 
itiooe»uit)ieengiiwerifl(woritslMPkaawe  can  tesBfiri  and  tbereare  a  nsatmnqr 
aimwho.magraumeasiiK,ov«ttieiriisaialifeloAkutti^  iWnar. 

Engineers  Assistant. 

THE  ENGINEER'S,  MILLWRIGHTS,  and  MACHINISTS 

PRACTICAL  ASSISTANT  ;  comprisinj^  a  Collection  of  Useful 
Tables,  Rules,  and  Data.   Compiled  and  Arranged,  with  Original' 
Matter,  by  WrtLiAM  Teitpleton.   6th  Edition.  i8rao,  W. 

cloth. 

I' So  much  varied  information  compressed  hito  so  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  bale  which  it  deserves.  With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers. "---JfAeilMKft/  Magazint. 

"A  flum  suitable  present  to  anappreatke  to  any  of  the  mechanical  tndes  could  not 
powiblr  be  waAC^-^BtiiUmg  Ntw. 

Designijig,  Measuring^  and  Valuing, 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEA- 

SURING,  andVALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  coimras 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  SLiter,  C.irpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  Willi  43  Plates  and  Wood* 
cuts.  Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-wTitten,  with  A'ldiiions  on  Mensuration  and  Construc- 
tion, and  usctul  Tables  for  facilitating  Calculations  and  Measure- 
ments. By  £.  Wyndham  Tarn,  M.A.,  8vo^  lOir.  6d.  doth. 

"  We  have  fnile  l  t  i  ili-cnvcr  .inythinsf  connected  with  the  boildin^  trade,  from  ex- 
cavatmg  found.umn^  i..  bcll-hanmni;,  liiat  is  not  fully  treated  upon.  '—Tkt  Artimn. 

"  Altogether  tl'.':  book  i's  one  wliii  h  fulfils  the  promise  of  Us  title-pa|![c,  .nnd  we 
oin  thoroviEhly  rccfnnnicnd  it  tn  the  for  whose  ii^c  it  has  been  compiled.  Mr, 

Tarn's  idditi  I  s  aii  j  rcvii.ion>.  h.-\\c  r:r.:  >.  incrc.Tsrd  the  usefulness  of  the  WOck^  SSd 
have  c>pecially  augmented  tu  value  to  students."— £M£wm>v. 

Plumbing. 

PLUMBING  ;  a  text  book  to  the  practice  of  the  art  or  craft  of  the 
Tiber.  With  supplementary  chapters  upon  house'drainage,  em- 
ying  the  latest  improvements.    «y  William  Paton  Bi;chan, 

Sanitary  Engineer.    i2nio.,  with  about  300  iliustrations.   3f.  6(/., 

cloth. 

"There  IS  no  other  manval  in  existence  of  the  plumber's  .in  :  and  the  volume  Will 
be  >s'  loomed  as  the  work  of  .i  prictic.il  master  of  his  tr.i<lc  "^t'ld'ltt.  Health. 

"  riir  ch.ii>lcrs  un  1  oi!--';  ilraiii.i.: :  may  be  usefully  cotisultctl,  not  only  by  plumbsfl* 
but  also  bv  engineers  and  all  engaged  or  interested  in  hoiisc  buildinij.  " — /rvn. 

"  A  boolc  containing  a  lai(e  amonnt  of  imictical  information,  put  together  in  a  vtiy 
intelligeat  manner,  by  one  mm  is  well  qualified  for  the  task."-HC7i7j'  Prru. 
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MATHEMATICS,  &c 

♦ 

Gr^llpry's  Practical  MaikemaHcs. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place Book  of  Pure  and  Mixed  Matheoiatics.  Designed  chiflify 
»>r  the  Use  of  CiYil  Engineers,  Architects,  and  Swveyon.   Put  1. 

Pure  Mathematics— comprising  Arithmetic,  Algebra,  Geometr)', 
Mensuration,  Ti^onometiy,  Conic  Sections,  Properties  of  Curves. 
Fwt  n.  Mixed  MATintMATICS— comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Matenals.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
JJL.D.t  F.R.A.S.  Enlarged  by  Henry  Law,  C.E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College ;  Author  of  "A  Course  of 
Methetnarici^"  Ac;  With  13  Plates.  Medium  8««mA  u;  doth. 

"As  a  standard  work  on  mathematics  it  has  not  been  cxceWed."— A  rfixan. 

"  The  engineer  or  architect  will  here  find  ready  to  his  hanJ,  rules  for  solving  nearly 
every  mathematical  difficulty  that  niay  arise  in  his  practice.  Tne  rules  arc  in  all  ca'-es 
explained  by  means  ol  examples,  ui  which  every  step  of  the  process  is  clearly  worked 
VaC—Btttlder. 

"One  of  the  most  seiviccablc  books  to  the  practical  mechanics  of  the  country. 

 In  the  edition  just  brought  out,  the  work  has  agam  l>een  revised  by 

Professor  Young.  He  has  moderni^d  the  notation  throughout,  introduced  a  few 
narajcraphs  here  and  there,  and  corrected  the  numerous  typographical  erron  whidt 
nave  escaped  the  eyes  of  tha  forma  fiditor.  The  book  u  now  as  complete  as  it  it 
poiuble  to  make  it.  It  b  an  imtruetiva  book  for  the  student,  and  a  Text* 
book  for  lua  viio  having  one*  naitaNd  the  sul^a  it  mats  01^  needs  occarioMally  to 
nfraih  Ui  memory  upon  diem.'—AHsUiiiy' Abwi. 

T/ie  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  tlin:'c  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
DOWLING,  C.  E,  Second  Edition,  revised  and  enlarged.  8vo, 
'  wot,  6d,  stTongiy  bomid. 

*'  Mr.  Dowling's  TUI«»  whidk  M«  well  put  together,  come  iust  in  time  as  a  NSdy 

reckoner  for  the  convenlon  of  one  tystem  into  the  other." — AtArmntm. 

"Their  accuracy  hns  been  certified  by  Prof.  Airy,  Astronomer  Royal."— 5»»i7</r»". 

"  Reselutioo  8.— lliat  advantage  will  be  derived  from  the  recent  publication  of 
Mdiie  TMkt,  hf  C  H.  Dowliac,  CJLr—R^M^^SseHmF,  Brit.  Atm.,  Bmtk, 

Comprehensive  Weight  CcUcuhUar, 

THE  WEIGHT  CALCULATOR;  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
granive  Rates,  from  l  Penny  to  168  Shillings  per  cwt.,  and  con> 
taining  186,000  Direct  .Answers,  which  with  their  rombinations, 
consisting  of  a  single  addition  (mostly  to  be  performed  at  sight), 
^irill  affind  an  aggregate  of  10^366,000  Answers  ;  the  whole  being 
calculated  and  designed  to  ensure  Correctnc  ^  nr.fl  jiromote 
Despatch.  By  HsNRy  Ha&ben,  Accountant,  Shefbeld,  Author 
of  'The  DiaooQDt  Gnldfe'  An  cntirelT  New  Editiol^  carefiilly 
reviled.  Rojpd  8vo^  ttioiiig^y  balf-boond,  ya. 
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CompreJiensive  Discount  Guide, 

TOE  DISCOUNT  GUIDE :  comprioBg:  several  Series  of  Tables 

for  the  use  of  Merchants^  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  profit  arising  from  any  mode 
of  using  Discounts,  either  in  the  Purchase  or  Sate  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Disooant,  or  Advancing  a 
Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realiv; 
any  required  profit  after  allowin^^  one  or  more  Discounts  :  to  wluch 
are  added  Tables  of  Profit  or  Advance  from  \\  to  90  per  cent., 
Tables  of  Discount  from  1}  to  983  per  cent.,  .m  l  Tables  of  Commis- 
sion, &c.,  from  \  to  10  per  cent.  By  Hknkv  Hakhln,  Accountant, 
Author  of  ''TheWci-ht  Calculator."  New  Edition,  carefully  Re< 
vised  and  Corrected.  In  .1  handsome  demy  8vOb  volume  (544  pp.X 
strongly  and  elegantly  half-bound,;/^i  5.f. 

Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 

Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c.,  2nd  for  the 
Renewing  of.  Leai»es  held  under  Cathedral  Churches,  CoUeses,  or 
other  corporate  bodies;  for  Tenns  of  Yean  eertidn,  and  for  Di^; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Ejctension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  Inwood,  Architect  The  20th  edition,  wiA 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Mon^,  Dis- 
count, Annuities,  &&,  bjr  M.  FtoOR  ThoUAW,  of  the  SodM 
Credit  Mobilier  of  Paris.  lamo,  &r.  doth. 
**  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustmeat  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  "tfUmtTt.  viU 

fiiid  the  present  edition  of  eminent  scrv\<x."—£tifiiueriHf. 

"  '  In-.vo('ir<!  Tables"  still  maint.-jin  a  most  enviaue  reputation.  The  new  issue  has  been 

enriched  by  \skrgc  additional  <  ontiibutions  by  M.  V6dor  Thoman,  whose  carefully 

arraogedlables  cannot  (ail  t  j  he  of  the  utmost  uulity.''—Mini»gycurfutl. 

Geometry  for  tJie  A  rchitect,  Engineer^  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn, 
M.A.,  Architect,  Author  of  "The  Science  of  Building"  &c 
With  164  Illustrations.    Demy  8vo.    I2j.  6d'.,  cloth. 

"No  1  Ilk  >s;!h  the  Mine  objects  in  view  has  ever  been  published  in  which  the 
dearncss  of  the  rules  laid  down  and  the  illu.suative  diagiaau  have  been  to  satia- 
fr  ctory. " — Scctsman. 

Compound  Interest  and  A  nfiuiiies. 

THEORY  of  COMrOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &&,  in  all  their  Applications  aad 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  Fbdor  Thoman,  of  the  Society  Credit  Mobilier, 
Tkrii.  3rd  Edition,  careful! v  revised  and  oonected.  i  amo,  4^.  6^. ,  d 
A  very  powotful  woHc,  and  the  Author  has  a  very  twwfcabte  cwrnnsinl  «C  Us 


We  recommend  it  to  the  notice  of  actuaries  and  accountants." — A  thnutum. 


The  above  bound  with  Linter.v's  Mineral  Surveyor. 
(See  page  10.)  Pricey^.  6/.  doth. 
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SCIENCE  AND  ART. 


Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWKRS.  By  Herkert 
Edwards  Wright,  Ji.A.  (Trin.  ColL  Camb.).  Crown  8vo, 
3J.  6«/.,  clolh.  \Jmt  Published. 

"  A  tfiorou^hly  scientific  trratisc  in  popular  language  It  is  evident  that  tlw 
author  ha,  i:ij.^tcrcd  Jus  r  ubiei  t  in  it  .  scientific  aspects." — Mi>rni>i!^  Ad-.'frtiit-r. 

■■  \Vc  would  particul.irly  icton^mcnd  all  ti  achrr  >  uf  ihp  art  tu  j<l.->c«  a  copy  of  it  in 
every  pupii'a  hands,  and  we  feel  &ure  it:>  peruihd  will  be  attended  with  advanuge." — 


The  MUUary  Sciences. 

AIDE-M KMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  caiefally  xev^ed  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
En^vings  and  many  hundred  \Voodcuts.  3  vols,  royal  8vo,  extra 
doUi  boaroi»  and  teetered*  4/*  ior> 

•*A  cotnpendious  encyclopaedia  of  m'litary  knowledge."— £"<//«.^Mfjf/i  Rn  inv. 
*'Thc  most  comprehensive  work  of  reference  to  the  military  and  collateral  acienOM.^ 
—  Voluntftr  Service  Gaxette. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING.   B7  Colonel  I.  S.  Macavlay,  late  Profeaeor  of 

Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crowa 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  izt,  complete. 

Field  Fortification. 

HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for 
die  Guidance  of  Officers  preparing  for  Promotion,  and  especially 
adapted  to  the  rcrinircmcnts  of  Beginner?.  By  M.ajor  \V.  W. 
Knollys,  F.KG.S.,  93rd  Sutherland  Highlanders,  &c.  With 
163  Woodcuts.    Crown  gvo,  3/.  ^  doth. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES:  fhelr 

Properties,  Applications,  Valuation,  Impurities,  and  Sophistications, 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers*  &c  By  J« 
W.  Slater.   Post  8vo,  is.  6</.,  cloth. 

••A  complete  encyclopaMlia  of  the  mntrria  tiKctcria.  The  information  given 
icipecting  each  article  is  full  and  precise,  .md  the  methods  «f  determining  the  value 
of  articles  such  as  these,  m>  liable  to  sophistication,  are  given  with  deaneH^  od  an 
piactical  as  well  as  TalttaUe."'~-CAMMt/  emd  Druggist, 

Storms. 

STORMS :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Pircdictii^  them  hy  their  Embodiments,  the  Clouds. 

By  Wii  r.iAM  Bla'^ii's.  With  Coloured  Plates  and  nnmeroas 
Wood  Engravings.    Crown  Svo,  lOr.  6d.  doth  boards. 
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•  Light-Houses. 

EUROPEAN  UGHT-HOUSE  SYSTEMS;  being  a  Report  of 
a  Tour  of  Inspe^ton  made  in  1873.  By  Major  GlORGB  H. 
Elliot,  Corps  of  Enginccn;,  U.S.A.  Illustrated  by  51  Ell^ 
l^ravings  and  31  Woodcuts  in  the  Text.    Svo,  21/.  doth. 

Electricity. 

A  MANUAL  of  ELECTRICITY;  including  Galvanism,  Mag- 
netism, Diamagnetism,  Electro-Dynamics,  Magno-Electricity,  and 
the  Electric  Telegraph.    By  Hknry  M.  Noad,  Ph.D.,  F.C.S., 
Lecturer  on  Chenust^  at  St.  George's  UospitaL    Fourth  Edition, 
Oitirefy  rewritten.  Ilustiatedlij^  Woodcots.  Sfo^  i/.  4r.  doth* 

**T1m  commeDdatioiis  alreadhr  benowed  m  the  para  of  the  Lanctt  on  the  former 
editions  of  this  work  are  more  man  ever  merited  by  toe  present.  The  accounts  giyca 
of  electricity  and  g.ilvanism  are  not  only  complete  in  a  SCiwtifiC SMM^  but*  friUGBlfta 
rarer  thing,  are  popular  and  interesting." — Latutt. 

Text-Book  of  Electricity, 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 

Henry  M.  Noad,  Ph.D.,  Lecturer  on  Chemistry  at  St,  George's 
Hospital.  New  Edition,  revised  and  enlarged,  with  additions  on 
Telegraphy,  the  Telephone,  Phonograph,  &c,  by  G.E.P&BBC1^ 
Esq.,  of  the  Telegraph  Department,  Genenl  Post  Offio^  London. 
Upwards  of  400  Hliistrations. 

\Nairly  ready, 

RudimeiUary  MagneHsm. 

RUDIMENTARY  MAGNETISM  :  being  a  concise  ocpoiitkNi 

of  the  general  principles  of  Majnietical  Science,  and  the  purposes 
to  wfaiui  it  has  been  apphed.  By  Sir  W.  Snow  Harris,  F.R,S. 
Nevr  and  enlarged  Edition,  with  considerable  additions  by  Dc 

Noad,  Ph.D.    With  165  Woodcuts.    i2mo,  cloth,  41.  6d. 

"As  concise  ami  In'  itl  .in  e\p<')sition  of  the  phenomena  of  magnetism  as  we  believe 
itis  posi&ible  to  write."    A Mtclumk. 

"l  he  best  possible  manual  on  the  subject  of  xoa^txissa.'' —Mtchaniu'  Aiagoiiiu. 

Cliemical  Analysis, 

THE  COBfMERCIAL  HANDBOOK  of  CHEIHCAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Mannfiictures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  **  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  R<»e's 
"  Treatise  on  Chemical  Analysis."   New  Edition.    Enlarged,  and 
to  a  great  extent  re-written,  by  HENRY  M.  Noad,  Ph.  D.,  F.R.S. 
With  nnmerous  Illustrations.  Cr.  8vo,  12s.  6d.  doth. 
"We  recommend  this  book  to  die  cutAA  penual  of  every  one ;  k  may  be  truly 
affirmed  to  be  of  univenal  bterert,  and  we  Btronfllhr  rccoBBMad  k  to  our  readers  as  a 
snid^  alike  iiMiiqwmiahle  to  die  heoMwifea*  to  tte  phnauoattlcal  pnctkioaer.*-* 
mtnuU  Timn. 

"  Essential  to  the  analysts  appointed  under  the  new  Act  llie  moet  reont  tesulli 
are  given,  and  the  work  is  well  edited  and  carefully  written." — Natttrt, 

Mollmca. 

A  MANUAL  OF  THE  MOLLUSCA ;  being  a  Treatise  on 

Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.   3rd  Edition.  Cr.  8vo,  "js.ed,  dotii. 
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Clocks^  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.  Bv  Sir  Edmund  Beckett,  Bart,  (late  E.  B. 
Denison),  LL.D.,  Q.C.,  F.R.A.S.,  Author  of  "  Astronomy  \i-ith* 
out  Mathematics,"  &c.  Sixth  edition,  thoroughly  revised  and 
enlarged,  with  numerous  Illustrations.  Limp  cloth  (No.  67, 
Wede^s  Scries),  4/.  6</.;  cloth  bqnd%  5^-  6</. 

'*  At  a  popular  and  pnctical  trauise  it  isumppnMlMd'*— vffjV^MsA  MechMnic. 

"  The  Mt  work  on  th«  tnbject  probably  cxtut.  Tha  name  on  bells  is  oa* 
doubtedly  the  bet  in  the  lnagB>Bfe  Tocdl»amdiineBtify  tiattiteiia  miwower, 
at  lenst  at  retpecw  dodn  nd  edla  f  t  li  Ae  nuMt  important  wock  of  iti  kind  ta 

Snglish. " —  Rtij^truerins;. 

The  only  modern  treatise  on  clock-making."— Journal. 
"  llii^  admirable  treatise  on  clocks,  by  the  moit  aUa  aothonty  OB  tuch  a  mit||eet, 
U  completely  perfect  of  its  \uxi^'' — Standard. 

Gold  and  Gold-Working, 

THE  PRACTICAL  GOLD- WORKER  ;  or.  The  (;oldsmith*» 
and  Jeweller's  Instructor.  The  Art  of  Alloying,  Melting,  Re- 
ducing, Colouring,  Collectinc:  and  Refining.  The  processes  of 
ManipoUdtioD,  Rccowy  of  Waste,  Gbemioi]  and  Pnysieal  Pro* 

pertics  of  Gold,  wtthanwr  System  of  Mixing  its  Alloys  ;  Solders, 
Enamels,  and  other  osefnl  Rules  and  Recipes,  &c.  iBy  George 
E.  GU.    Croim  8yo,  7T.       cIoUl  \Just  Pithtished, 

"A  good,  sound,  technical  educator,  and  will  be  gener.illy  .ncccpted  as  an 
authority.  It  Rives  full  particuLars  for  mixing  alloys  and  cnameU,  is  cssentullya  book 
for  the  work*hop,  and  exacl'y  fulfiU  the  purpose  intended."— //^frA»f7V<»/  yourjia! 

"  The  best  work  yet  printed  on  iu  MiUcct  for  a  reasooable  price.  We  have  no 
doubt  that  it  will  speedily  become  a  itumdld  boOk  vMcfa  fow  WlU  CUV  tO  b«  widl- 
om  . " — ycMtlUr  and  Metalxuorkrr. 

Silver  and  Silver  Working, 

THE  Sn.VERSBffITH*S  HATOBOOK,  contamtng  foU  tn- 

structions  for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  refining  and  melting  the  metal,  its  .<;olders,  the 
preparation  of  imitation  luloys,  methods  of  manipulation,  preven- 
tion of  waste,  instructions  for  improving  and  finishing  the  surface 
of  the  work,  together  with  other  useful  inform.ition  and  memoranda, 
liv  Gkorgk  E.  (jEK,  Jeweller,  &c.  Crown  8vo,  wiih  numerous 
illustrations,  71.  6</,,  doth.  {Jmt  PublisluJ. 

"This  work  is  destuied  to  take  op  as  good  a  positioa  in  fchnical  litciaitireaaiho 
Practical  CoUworkrr,  a  book  whick  Im  poMod  dmrnrii  the  ocdaal  of  cri^ad  ax- 
amination  and  business  tests  with  great  WCCWS.**— yflMWWr mmd  MfMwtrker. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT  ;  being  a  Series  of  Essays  on— t. 
Alleged  Discrepancies ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
geoegsl-  Views  of  Home  and  PoweD ;  5.  The  Mmde  of  Jodiwip— 
views  of  Dr.  Colenso :  The  Supematurally  Impossible  ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses,  fiy  Professor 
■7.  R.  Yoirwo.   Fcap.  8vo,  5j.  dotfi. 

"  Distinguished  by  the  true  spirit  of  scientific  inquiry-,  by  p-eat  knowledge,  by  keen 
kMrical  abiEty,  and  by  a  style  peculiarly  dear,  easy,  and  eaergetic." — AoHCC^/ormut. 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY,  Rev.  J. 
CAUit  M.  A.,kt»  FeUoir  of  Tkin.  ColL,  Camh.  and  Ed.  i9m^  5/.  d. 
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DR.  LARDNER'S  POPULAR  WORKS. 

Dr.  Lardners  Musetim  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited 
DiONYSius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
ksopby  and  Astronomy  ia  University  College,  London.  With  op- 
wards  of  1 200  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  i^.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  31X. 

"The  '  Museum  of  Science  and  Art'  Ls  the  moat  valuable  contribution  that  has 
ever  been  nuide  to  the  Scientific  Instruction  of  circry  class  of  society." — Sir  David 
BrtivsUr  in  tkt  N»rtk  British  Rcznnv. 

"\Vhether  we  consider  the  liberality  and  be.tiity  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  nuiicr,  we  mu^  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  woidd  be  wclconed  by 
people  of  «oinany  afeaaaddaMeta««T«hiahlepreseat."'^'^jWHwAw'.  • 

*,*  Separate  books  formed  from  the  abuve^  suitable  for  WorkmeiCs 
IMfwries^  Seieme  Ctatsa, 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Coloor,  Clocks  and 
Watches,  &c.    233  Illustrations,  cloth  gilt,  5^. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magniiyinjg 
Gla.sses,  Origin  and  Description  of  the  Microscope.  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c    147  Illttstratiom,  dotli  gilt,  2s. 

POPULAR  GEOLOGY.  Containin*;  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc  201  Illustrations,  cloth  gilt,  zs.  td. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Murateness,  the 
Atmosphere,  Meteoric  Stones,  Po|)ular  Falhicies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  bound,  &c  85  Illus- 
trations,  cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  IncludinG  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.    ^  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses.  Astronomical  Influences,  &c.    1S2  Illustrations.  4J.  6d. 

THE  BLL  AND  WHITE  ANTS :  Their  Manners  and  Habils. 
With  Illustrations  of  Animal  Instinct  and  Intelligieiioe.  135  lUas- 
trations,  cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  Telegraphy  in  Actual 
Operation.    100  Illustrations,  cloth  gilt,  i.r.  (ki. 

Scientific  Class-Booksy  by  Dr,  Lardner. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.   By  Dr.  Lakonbr. 

328  Illustrations.    Sixth  Edition.    1  vol.  y.  (3d.  cloth. 

"Convey*;,  in  ».!i;ar  and  preci-ic  terms,  general  nations  of  ali  the  prjicipal  divisioos 
of  Physical  Science." — liritish  Qumrterly  Rcvtr-.v. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  Dr.  Lahdner. 
With  190  Illustrations.   Second  Edition,    i  voL  y.  6d.  doth. 
<*QBMrtytmtiea,wJ«niinw^aad  agr«litiiUyilluiiiatdl*»C*ridiMawT*iwawfc 
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DR.  LARDNER'S  SCIENTIFIC  WORKS. 

Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.   4th  Edition.  Edited 
by  Edwin  Dunkin,  F.R.S.,  Rl.  Observatory,  Greenwich.  With 
38  plates  and  upwards  of  100  Woodcuts.    Cr.  8vo,  9^.  6d,  cloth. 
"  Probably  no  other  hook  contains  the  same  amount  of  information  in  >o  corn* 
feadioui  and  well-arranged  a  tona.*'-~AiJitmmtm. 

Aninml  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.    \Vith  520 
Illustrations.   New  edition,  snuU  Svo,  cloth,  7^.  6d.  732  pages. 
*'  We  have  no  lieiilaiien  In  eodrdiallr  teoonunendiaig  liW^Bduciiiim^  Tiuiei* 

Electric  Telegraph, 

THE  ELECTRIC  TELEGRAPIT.     Ne\s- Edition.    ByE.  B. 
B&ipuT,  F.R.AS.    140  lllustratioDS.  Small  8vo,  zs.  6d,  cloth. 
''Oae  of  Che  moat  teaddde  books  extant  en  the  EIecttfeTdegnqih.**<--^iisr'.  Meekmnk» 

LARDNER'S  COURSE  OF  NATURAL  PHILOSOPHY. 
Mechanics. 

THE  HANDBOOK  OF  MECHANICS.   Enlarged  and  almost 
rewritten  by  Benjamin  Lobwy,  F.R.A.S.    With  378  Illustra- 
tions.   Post  8vo^  6f.  cloth.  \y**it  PiiMis/ud, 
*  The  parspicuity  of  the  original  has  been  retsiaed, '  and  ampten  wfaldk  had 
heoosae  obsolete,  have  been  replaccft  by  others  of  more  modem  character,  "nw 
ecplaiutions  throughout  are  stiidtouNly  popular,  and  care  has  been  taken  to  show 
the  appliotiriu  of  the  various  branches  of  physics  lO  tflO  indasttjal  att^  aad  tO 
the  practical  bustae&s  of  life." — Mining  Journni. 

HeaL 

THE  HANDBOOK  OF  HEAT.    Edited  «xl  almost  entirely 

Re-\*Titten  by  Benjamin  Lokwy,  F.R.A.S.  etc.    117  Illustra- 
tions.   Post  8vo,  6j.  cloth.  SJ**{^  Fublishcd, 
*'The  style  is  always  clear  and  precise,  and  conveys  instmctioo  without  leaidqg 

any  doudiness  or  lurking  doubts  l>ehind." — /i'  t:ifterruig. 

Hydrostatics  and  P^tciiinatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Bknjamin  Lobwy, 

F.R.  A.S.  With  236  Illustrations.  Post  8vo,  5jr.  cl. 
For  those  '  who  desire  to  .itt:<in  an  accurate  knowledge  of  physical  science  with- 
out thr  profoi:-iil  methods  of  niathem:ilical  investigation,  this  work  IS  aot  ncrciy  ilU 
tended,  but  wc  Iladapted."    (.'>.<  >•::,  Nn«s. 

Electricity ^  Mas;nctism,  and  Acoustics. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.    New  Eilition.    Edited  by  Geo.  Carey  Fostbr, 
B.A.,  F.CS.  With  400  lUustrations.   Post  8vo,  5^.  doth. 
**  The  book  cooU  noUwve  been  entrasied  to  any  one  better  calculated  to  preserve 
the  tam  and  hldd  style  of  Lardncr  while  correcting  hl^  errors  and  bringing  up  Ul 
WoHc  to  the  pctsent  state  of  scientific  knowledge."— /'^'/t^/ar  Scienc*  Kevitu;. 

Optics, 

THE  HANDBOOK  OF  OPTICS.    New  Erlition.    Edited  by 
T.  Olver  Harding,  B.  A  298  Illustrations.  Post  8v3,  $r.  doth, 
"  Written  by  one  of  Aeablest  English  scientific  writers,  beautifully  and  ebborately 
\\\\'MTaXcd.'*—Mec/tanic't  Magaztttf. 

%*  The aimn  5  Vols,  form  a  Complete  CouJtSE  OF  NATURAL 

Philosophy. 
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Pictures  and  Painters, 

THE  riCTURE  AMATEUR'S  HANDBOOK  AND  DIC- 
TIONAKV  OF  PAINTERS  :  being  a  Guide  for  Visitors  to 
Ihiblic  and  Private  Picture  Galleries,  and  for  Art-Students,  in- 
cluding nn  explanation  of  the  various  metho<ls  of  Painting  ;  In- 
structions for  Cleaning,  Re-Lining,  and  Restoring  Oil  Paintings; 
A  Glossary  of  Terms;  an  Historical  Sketch  of  the  Principal  Schodb 
of  Painting  ;  and  a  Dictionai  v  of  Painters,  giving  the  Copyists 
and  Imitators  of  each  Master.  iJy  i'HiLii'i'E  Dakyi^  B.A,  Crown 
8vo»  y.  M.t  cIoOl  [yUst  MUM, 

**  Uieful  as  brinfiag  together  in  a  compendious  fom  an  alniMi  complgte  bio> 
gnphical  stock  of  infomiation  respecting  the  painten  of  the  world.'*'— ilf<tj^«r. 

"  The  bulk  of  the  book  is  occupied  bv  a  dictionary  of  painten  tdiich,  cansideriqg 
its  small  compasi,  is,really  admirable  ;  where  only  a  few  wordsare  devoted  to  an  artist* 

his  &pfi  aliiy  i->  well  indicated  :  and  the  utility  of  n  table  of  A.ae-^  of  lainters  in  so 
portable  a  furiu  is  unqucstiuoabic.    We  cordially  recommend  the  book,"— jfiitiidcr. 

Popular  Work  on  Pamtiyis;. 

PAINTING  POPULARLY  EXPLAINED;  with  Historiaa 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Guluck, 
Pinter,  and  John  Timbs,  F.S.A.  Fourtli  Edition,  revised  and 
enlarged.  With  FrontispioDe  and  Vignette.  IiiciinU]tn)^6ir.c]otfa. 

V  Tbh  Work  has  bemadafUiataPrMMkinAtSduok^ 
Art  at  Houth  Ki-nsington, 
"  Much  nuy  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  uught, 
Irom  tbe  careful  penisatof  this  unpretendmg  butoomprdiensive  treatise.  "—A  rt  Jcfutytai. 

"Contains  a  largeanount  of  original  matter,  ayreeeUy  oonveyed.  and  will  be  foundof 
value,  as  well  by  the  young  artist  seeking  informalMnaabythftfeBerUimder.*— if Sl^^^ 

Grammar  of  Colouring. 

A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  an  l  the  Arts.    By  G£ORGE  FIELD.    New  edition,  en- 
larged anil  adapted  to  the  use  of  the  Ornamental  Painter  and 
•  •  Designer,  by  Ellis  A.  Davidson.    With  new  Coloured  Diagrams 
and  niunerous  Engravings  on  Wood.    i2mo,  31.  dd.  cloth  boards. 
"Oaeoftlie  mostusefiu  of  stuoent'B  bookstand  probably  the  best  kfimmoftiie 
few  we  have  on  the  sutrieet"— ^frA£f«(/. 

"  The  book  is  a  most  useful  rfsumf  of  the  properties  of  pigaMatfc"'— SstttAr. 

Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or,  Geology  and 
Genesisi  thehr  Perfect  Hannony  and  Wonderful  Concora.  By 

G.  W.  Victor  I.eVaux.  With  numerous  Illus.  Fcap.  8vo,  5^.  c£ 
"  Wc  can  recommend  Mr.  Le  Vaux  as  an  able  and  interesting  guide  to  a  popular 
appreciation  of  gnolo^kal  waKBCt!*—Sptctator.  ^ 

Geology^  Physical  and  Historical. 

A  CLASS-BOOK  of  GEOLOGY,    I'HVSICAL   and  HIS- 
TORICAL.   With  more  than  250  Woodcuts.    By  Rali'H  Tate, 
A.L..S.,  F.G.S.    i2mo,  5^.,  cloth  boards. 
"  The  falMc^s  of  the  matter  has  elevated  the  book  into  a  taMo)uL"-^chMl  Board 
Chmtkle. 

WoodrCmrffing, 

INSTRUCTIONS  in  W^OOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  Bv  A  Lady.  In  emblematic  wiapper,  hand* 
somely  printed,  with  Ten  large  Plates,  2C.  6dL 

"The  handic  raft  of  the  wood  carver,  so  wett     a  tMflk CM  il^llt     flyQf  be Imat 

fiOB  '  A  Lady's '  publication."— ^/A^nuraMS. 
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DelantoMs  Works  on  Ilhmmaium  &  A  Iphadets, 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 
use  of  Beginners  :  with  a  Rndimentaiy  Tieattse  on  the  Art,  Prac- 
tical Directions  tor  its  Exercise,  and  numerous  Examples  taken 
from  Illumtnatcd  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
Mom.   Small  410,  gs.  Elegantly  boond,  cloth  antique. 

"  A  handy  book,  beaulifiilly  illustrated  ;  tlie  text  uf  "n  i'.  well  written,  and  cal- 
culated to  be  u&efuL  .  .  .  llie  examples  of  ancient  M  SS.  recommended  to  the  Student* 
which,  with  much  good  scn^e,  the  author  c)'.0'>so  from  collections  acccssilllBt0all«an 
selected  wiiij  judgment  and  knowledge,  as  well  as  taste," — Athfiurum. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDLtVAL  ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Arcliitectur.il  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  lithographers,  Engia'Tei^  Carvers, 
&c.  &c.  ii:c.  Collected  and  engraved  by  F.  DELAMOTrH  «wi 
printed  in  Colours.    Royal  8vo,  oblong,  \s.  cloth. 

"  A  wdl-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  year*'  >tu<!y  r.nd  research.  For  th>>se  wh  >  ii>crt  enamelled  sentc!i>  <  % 
round  gilded  chalices,  who  bbiun  »hup  legends  over  :>hop-doors,  who  letter  church 
mUli  with  pithy  Mntencei  firom  tha  Dtoiague,  this  book  wiU  b«  uieftiL'*— ^Mmmmm. 

EXAMPLES  OF  Mf  U)ERN  ALPHABETS*  PLAIN  and  ORNA- 
MENTAL ;  including  (jcrman,  Old  English,  Saxon,  Italic,  Per- 
speaive,  Greek,  Hcl>rcw,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
•  bets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Svirveyms,  Masons,  Decorative  Pahiters,  Litho^pheis,  Engravers, 
Carvers,  &c.  Collected  and  engraved  by  I*.  DeLAMOTTB,  and 
printed  in  Colours.    Royal  Svo,  oblong,  \s.  cloth. 

"  To  artiits  111  .ill  (  l;i\^c<i,  but  more  espti  lally  to  architec  ts  and  c.'  Sravcrs,  thi^  very 
handsome  book  will  1  alu.iblc.  rh'.ic  is  comprised  in  it  e\cry  jnissiblc  shai-><:  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  fonned,  and  the  talent  which 
has  been  expended  in  the  coBoopiian  of  ih*  vbnohs  phuB  and  onuuBcattl  iMos  is 
wooderfuL''«^V<Mu/an^.  • 

MEDI-EVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
KATOKS.  By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.   Containing  21  Plates,  and  ItlQniinated  Htle, 

printed  in  Gold  and  Colours.    With  an  InbodllCtion  by  J.  WllXIS 

Brooks.    Small  410,  6/.  cloth  gilt. 

**  A  volume  in  which  the  letters  of  the  alphabet  c^me  forth  glorified  m  giK'  nij  ar:d 
all  the  colours  of  the  prism  interw  ov  en  and  intertw  ined  .iiid  intermingled,  soui  -ti.iu  s 
with  a  M)rt  of  rainbow  arabesque.  .\  p«)cnt  cnibiazuned  in  these  charactcrt  would  be 
ouly  CDinp.ii  .illr  :  I  one  of  those  delicious  love  ItUastynboUjed  ia  a  bOBChcf  flOWMS 

well  selected  and  cleverly  .arranged." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials^ 
Emblems,  Cyphers,  Monograms,  Omamental  Borders,  Ecdesiaa- 

tical  Devices,  Medixval  and  >Iodem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Coloniii  Oblong  royal  Svo,  zr.  6d.  in  omamental  boards. 
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AGRICULTURE,  &c. 

<  

Yauatt  and  Burn's  Complete  Grazier, 

THE  COMPLETE  6RAZTER,  and  FARMER'S  ind  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbondrv. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  enUu^cd  by 
Robert  Scott  Burn,  Author  of  "The  Lessons  of  My  Farm,"  &c 
One  large  8vo  volume,  860  pp.  vi-ith  244  Illustrations,  z/.  I/.  half«bd* 

"  Hm  ftandard  and  text-book,  with  the  foimer  and  gruier.''— AnNw'f  MagMunt. 

*' A tttaiiic  which  will  remain  a  standard  work  OB  the  Subject  OS  kof  atAr^dh 
a(nculture  endures."— J Lmi*  £x^re$i. 

Spookier  on  Slieep. 

SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  D^ASES  OP.   By  W.  C.  SrooKER.  M.R.V.C.,  ftc 

Third  Edition,  considerably  enlarged  ;  with  numerous  fine  engra- 
vings, including  some  specinieas  of  New  and  Improved  Breeds. 
Fcp.  8vo,  366  pp.,  6*.  cloth. 

"The  Dook  is  decidedly  the  best  of  the  kind  In  our  lanjtuagre."— 
"Mr.  Spooncr  has  conferred  upon  ihe  agricultural  clxs*  a  hinini;  benefit  by  em* 
bodying  in  this  work  the  improvements  m.ide  in  .sheep  vtock   by  sudl  flMA  M 
Uumphrcys,  Rawlencc,  Howard,  and  others." — H atrt ft^hirf  Advertiser. 

"ll»e  work  should  be  in  possession  of  cver>'  ^ocV  axx^x.  -A.  " —lianbury  (Smmr^aM, 

Scott  Burtis  System  of  Modern  Farming, 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — 
OttUe^  Sheepb  and  Hones — Management  of  the  Dairy,  Pka,  md 
Poultry — Utilisation  of  Towti- Sewage,  Irrigation,  tK:c.  NewEdUioil* 
In  I  voL  1250  pp.,  half-bound,  profusely  illustrated,  \2u 
**Tllero  k  sufficient  stated  widija  die  linuts  of  this  treatiso  to  pnweat  a&nw 
from  Koing  far  wrong  in  any  of  Ms  Operations."— ^di^Tm 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;  or.  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.    With  Practical  Notes  on 

Soils,  Manures,  Sccfls,  Pl.inting,  Laying-out  of  Ganlens  and 
Grounds,  &c.  By  S.  Wood.  Second  Edition,  with  considerable 
Additions,  &c. ,  and  numerous  Illustrations.   Cr.  8vo,  5^.,  cloth. 

very  (;riod  b^uik.  and  one  to  be  highlv  recommended  at  o  practical  guido. 

TI*e  pract1c.1l  directions  arc  excellent."— /I //tA<^Mr.'. 

"  A  thori>iiKhly  ll^cflll  guidebook  for  the  amateur  gardener  who  may  want  tODiko 
his  plot  of  Umd  not  merely  pretty,  but  useful  and  profitable.'"— Z^ni^  Telegraph, 

Profitable  Gardening, 

MULTUM-IN.PARVO  GARDEN  IN    :    r.  How  to  make  One 

Acre  of  I-and  produce  ;^620  .t  ye:ir,  1>\  tlie  Cultivation  of  Fruits 
and  V^etables ;  also,  How  to  Grow  Mowers  in  Three  Glass 
Ifonaes,  so  as  to  realise  £\^f>  per  annum  clear  Proiit.  By  Samuel 
Wood,  Author  of  '*  Clood  Gardening,"  .Scc.  2nd  Edition,  revised. 
With  Wood  Engravings.  Cr.  8vo,  2j.,  cloth.  {Just  Published, 
*'  We  are  bound  to  recommend  it  as  not  only  suited  tn  the  case  of  the  amatcor  and 
gentleman's  gardener,  but  to  the  m.irkct  \',tovrcT  "—(Hi'.ff>  rr's  Mngnziue. 

Morton's  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  and  Valuing  Underwood  and  Wood- 
hmd.  ]lyR.HoiiTON.  i8ino.ta/.bound» 
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Donaldson  and  Bum*s  Sttburban  Farming. 

SUBURBAN  FARMINC.  A  Treatise  on  the  LayiiiR  Out  and 
Cultivation  of  Farms,  adapted  to  the  produce  of  Milk,  lUitter  and 
Cheese,  Kggs,  I'oultry,  and  I'igs.  liy  the  late  Professor  JOUN 
Donaldson.  With  con^derable  Additions,  Illustrating  the  mofe 
M<Kiern  Practice  by  Koi  ER  r  ScoTT  BURN.  With  numerous 
lUu^trations.    Crown  8vo,  6j.,  cloth.  [T*"'  Ptibiishtd, 

"  An  admirable  treatise  on  all  matters  OOBBBCtcd  With  Ac  l^TlBSiOUt  and  Cullivation 
of  dairy  larms."— Z,/:r  Sfc.  i-  "Jc.ir  .til. 

EwarCs  Land  Improve/ s  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULiE,  TABLES,  and  MEMORANDA,  nquired  in  any  Com- 
putation relating  to  tlie  Permanent  Improvement  of  Landed  Pro- 
perty. By  John  Ewart,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  32010,  oblong,  leather,  gilt  edges,  with  elastic  bsnd,  4f. 

**  Adiuiiabiy  calculated  to  serve  its  puipose."— ibd^raam. 

''Aconpendious  and  lumdy  little  volaine.*'—>S/«el!ii««r. 

HtidsotCs  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure ;  also,  Tables  of  Square  Mm- 
sure,  and  of  the  Dimensions  of  an  Acre  by  which  the  Contents 
of  any  Plot  of  Ground  may  be  ascertained  without  the  expense  of 
a  Tegular  Survey ;  &c  By  R.  Hudson,  C.E.  New  Editfon, 
royal  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  4/. 
"Of  incjilcuiabic  value  to  country  gentlemen  .md  professional  m^n."—Fmrmei'tJaumal, 

Complete  As^ricultural  Surveyor  s  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE  POCKET-BOOK ;  consisting  of  the  above  two  worlts 
bound  together,  leather,  gilt  etlges,  with  stra  .  7  .  ft/. 

fi^  The  abwe  forms  an  unequalltd  and  th  <  >  '  ■  '  adUnu  Pocket 
Va^nmmm ^  tike  Lamd  Agent  and  AgrieHitu*  tit  J.ngbmr. 
"We  considor  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  rdatina  to 
tlic  valtiatton  of  land  and  crops  we  have  ever  seen,  and     combinabon  with  Mr. 
Ewart's  work  neatly  enhances  the  value  and  usefulness  nf  the  latter-mentioned  .  . 
It  is  most  usefiu  as  a  mani.-vl  for  lelerencc  " — North  of  England  farmer. 

Tlie  Manage rticnt  of  Estates. 

LANDED   ESTATES  MANAGEMENT  t  Treating  of  the 

Varieties  of  Lands,  rcciillaritics  of  its  Farms,  Methods  of  Farming, 
the  Setiing-out  of  Farms  and  their  Fields^  Construction  of  Roads* 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Uapirodacttfe 
Lands,  Irrigation,  Drainage,  Plantation,  &c  By  R.  SOOTT  BURW, 

Fcp.  8vo.  numerous  Illustrations,  y.  6d. 

Scott  Bitrns  Introductiofi  to  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agncal- 
turists,  bdi^  an  Introduction  to  Farm  Practioe,  in  tiie  Culture  of 
Crops,  the  Feeding  of  Cnttle,  Management  of  die  Dair)-,  Poultry, 
&C.  By  R.  Scott  gBuRN.  With  numerous  lUus.  Fcp.  6/.  d. 
**Aeoi^ilite  nttuductiaa  to  11m  wliole  round  «f  fiomiog  pnctjoe."— jMm  5aA 
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**A  Complete  Epitome  of  the  Laws  of  this 
Country." 

EVERY  MAN'S  OWN  LAWYER:  a  Handy-Book  of  the  Prin- 
ciples  of  Law  and  Equity.    By  A  BAMtfSTBR.    15th  Editioo, 

Revised  to  the  end  of  last  Session.  Including  a  Summary  of  the 
Judicature  Acts,  and  the  principal  Acts  of  the  past  Session,  viz. 
— The  Canal  Boats*  Act,  The  Destructive  Insects*  (or  Colorado 
Beetle)  Act,  The  Fisheries'  (Oyster,  Crab,  and  Lobster)  Act,  and 
the  Fr-licros'  (Dynamite)  Act,  &c.,  &c.  With  Notes  and 
References  lo  the  Authorities.  Crown  8vo,  price  fa.  %d.  (saved  at 
every  consultation),  strong^  bound. 

COMPRISING  THB  LAWS  OP 
Bankriiptcv— Bills  of  Exchangb— Contracts  and  Agrbbmbnts — ComuGNT 

— DowRR  AND  Di\ i)K  :r— F-r.K  TioNS  AND  Rbgistration—Iksi'ranch— Libel 
AMD  Slander  Moktgai.ks-Settlhmknts— Stock  Exchange  Pkactice — 
Traur  Marks  and  Patents — Tke  a-^s.  Ni  isances,  ktc. — Transfer  or 
Land,  ktc. — Warrants — and  Awkkf-mknts,  htc.    Also  L;iw  for 

r*ndlm(i  :aul  Teiian:— Master  and  Servant-  Workmen  and  Apprentices— Heirs, 
DevLvees,  and  Legatees— Husband  and  Wife— Executors  and  Trustees— Guardian 
and  Ward — Married  Women  and  Infants— Partners  and  Agents  — Lender  and 
Borrower- Debtor  and  Creditor— Purchaser  and  Vendor — Compantes  and  AsKH 
ciations — Friendly Sockties — Clergymen,  Churchwardens — Medical  Practitionen* 
4c. — Bankers — Farmer— C'jntrnctors— Stock  and  Share  Brokers — Sportsmen 
and  Gamekeepers  Furriers  and  Horse- Dcalcr^. — Auctioneers,  Hou&e-Aaentt^ 
Innkeepers,  &c.—Pawnbroker»— Surv  eyors — Rail  ways  and  Cariien,  &c.  &c. 
'*  No  EagtisliBian  ought  to  be  without  this  book.**— ^«VBwrr. 
"  What  U  prafoMt  to  bo— aoompteceepiiMio  of  ibelawsoT duscoanuy,  tfMRM^dy 

fataUigible  to  non-praftaional  readan."— JSnfTj  L^, 

•    Auctioneer's  Assistant 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
LeaseSi  Annuities,  and  Reversions,  and  of  property  eeneially; 
■with  Prices  for  Inventories,  &c  By  John  Wheeler,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  NoRRis.  Royal  32mo,  cloth,  5/. 
"  A  neat  and  concise  book  of  reference,  contaiaiBg  an  admirable  and  clearly- 
anwced  list  of  nncei  for  iavoatories,  and  a  veiy  practical  gukle  to  detennine  toe 

Pawnbrokep^s  Legal  Guide, 

THE  PAWNBROKER'S.  FACTOR'S,  and  MERCHANTS 
GUIDE  to  the  LAW  of  LOANS  and  PLEDGES.  By  H.  C. 
FoLKAKD,  Esq.,  Barriiter-at-Law,  Author  of  the  '*  Law  of  Slander 
and  Libel,"  &c.  With  Additions  and  Corrections  to  1876.  lamo^ 
dodi  boards,  y.  6if. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPEKTV  :  a  Popular  and  Prac- 
tical  Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land ;  including  the  Law  of  Dila}>idations  and 
Fixtures;  vith  Explanations  rind  Examples  of  all  kind>  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.  By  EuWARD 
Lance  Takbuck,  Architect  and  Surveyor,  lamo,  5^.  cbthboards. 

"  We  are  glad  to  be  able  to  recommend  ttJ'—Bniidtr. 

*'  The  amn  is  diocoughly  ptactical"— ZmgywuwoiL 

Braikofr,  Sgnair,  *  Ca.,  Tirintm.  whttcMat«,  loadm. 
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Was  awarded  to  tbe  Publishers  for 
Sooks :  Budimentary  Scientific, 

"WEALE'S  SERIES."  ETC. 


A  NEW  LIST  OF 

WEALE'S  SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 

AND  CLASSICAL. 


LONDON,  1862. 
THE  PRIZE  MEDAL 

Wm  awarded  to  die  PnUislMn  of 

"  WEALE'S  SERIES. " 


Tkfse  popular  and  cheap  Series  of  Books,  HOW  comprising  nearly  Three  Htinir^i 
MUnut  71'orks  in  almost  n-ery  department  of  Science,  Art,  and  Education,  art  ft' 

rmmmtndtd  to  tMt  notict  *!f  ^SSmmmSlm^SSt^S^i^mmmSSi^^ 
mmtmlb,  at  well  mt  to  tktm  istttrtsitd  im 


NJ^fn  ordering  from  ffdt  Li^  ii  A  rteommsemded,  mi « 
kutimtss  and  obviaitng  trmr,  it  gmttt  ikt  mtmStrt  t^fixti  H  tkt 


of  facilitating 
mtwtiiM 


ikt  tales  and  priett, 

*«*^  Tb«  boekt  are  bound  in  Ibap  clolb» 

BTOIMENTARY^SCIENTI^^  SEEIES. 
ARCHITECTURE,  BUILDING,  ETC 

No. 

•16.  ARCHITECTURE— ORDERS-~TI»  Olden  and  their  iBBtfafltte 
Principles.  ByW. U. Laaos.  Illutrated.  zt.6d. 

17.  ARCHITECTURE-STYLES— Tht  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  tllO 
Present  Period.    Hy  T.  Talbot  Klry,  F.K.I. B.A.,  8cc.    Illustrated.  21. 
Ordkks  and  Styles  of  AKCMiTurruRB,  in  One  l  ol..  3s.  td. 

18.  ARCHITECTURE— DESIGN— n\&  Principles  of  Design  in 

Architecture,  as  dcducible  from  Nature  and  cxcmplifiod  in  the  Works  of  tte 
Greek  and  Gtothic  Architects.  By  £.  L.  Garbktt,  Architect.  lUustrated.  M. 
%*  Tkt  iknt  prtetdtHf  Works,  in  Out  kattdsonu  Wot.,  half  itund,  tniiitti 

*•  Modern  Architbcturk,"  Price  ts. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.    General  Principles 

of  Construction,  ALitcri.ils  used  in  Buildinp,  Strength  and  Use  of  M.itcriaU, 
Working  Drawings,  Specifications,  and  Estimates.  By  Luwaku  Dobso.h, 
M. R. I. B.A.,  &r.   Illustrated.  2s. 

23,  BRICKS  AND  TILES,  Rudimentary  Treati-^e  on  the  Manufac- 

tare  of;  containing  an  Outline  of  the  Principles  of  Brickmakine.   By  Eow* 
•  Do»sow,M.R.I.B.A.  WithAdditicneby  C.ToMtiKioit.FJl.S.  lllnetrated,  ja. 

CROSBY  LOCKWOOO  AMD  CO.,  7>  STATIONBRS'  HALL  COURT,  B.C* 
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Architecture,  Building,  etc.,  continued. 

as.  MASONRY  AND  STONECUTTING,  Rudimentary-  Treatise 
on  ;  in  which  the  Principles  of  Masonic  Projection  and  their  api}licatioB  tA 
the  Construction  of  Curved  Wing- Walls,  Domes,  Obliaue  firidcM^  aad 
Roman  and  Gothic  Vaulttngr,  are  concisely  explained.  By  Edwako  Doasoli} 

M.R.I.B.A.,  8cc.    Illustrated  with  Plates  and  Diagrams.   2S.  6d. 

44.  FOUNDATIONS  AND  CONCRETE  ^f^CPyJA'^,  a  Rudimentary 

Treatise  on  ;  containing  a  Sj'nopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarlu  OB 
Footings,  Planking,  Sand,  Concrete,  lieton.  Pile-driving,  Caiwont,  and 
Cofferdams.  By  £.  Doascm,  MJl..I.]3.A.«  &c.  fourth  Emtioii,  MViMd  bgr 
GioKOt  DoDD,  C.B.  nintnted.  n.tfd. 

43.  COTTAGE  BUILDING.  By  C.  RRrcF.  Allen,  Architect 
ElevenUl  Edition,  revised  and  enlarged.   N  umerous  lllustratioDS.   is.  6d. 

45.  LTMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  Sec.    By  G.  R.  Burnell,  C.E.    Ninth  Edition,    is.  6d. 
57.  WARMING  AND  VENTILATION,  a  Rudimentan,'  Treatise 

on  ;  beine  a  concise  Exposition  of  the  General  Principles  of  the  Art  of  Want- 
ing and  Ventilating  Domestic  and  Public  Buildinn,  Mines,  LtghthoMM, 
Ships,  &c.  By  CHARtss  ToMtTmott,  FJR.S.,  ftc.  lUnstnted.  3s. 

CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  .ind  Edited  by  Charles  Tom- 
UNSON,  F.R.S.  To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  Iron  SATits  by  Robert  Mallkt,  M.I.C.E.   lllus.  as.6d. 

III.  ARCHES,  PIERS,  BUTTRESSES,  dr-c. ;  Experimental  Essaw 

on  the  Principles  of  Construction  in  ;  made  with  a  view  to  their  being  IMIbI 
to  the  Practical  Builder.  By  Wiluam  Bland.  Illustrated,   is.  6d. 

116.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  Tlie 

Principles  of  the  Science  of  Sound  applied  to  ibe  purposes  of  tbe'Arcbitect  and 
Builder.  By  T.  Roorr  Smith,  M.R.I.B.A.,  Architect.  Illustrated,  is.  6d. 

IS4.  CONSTRUCTION  OF  ROOFS,  Treatise  on  the,  as  regards 
Cafpestiy  and  Joinery.  Deduced  from  tbe  Works  of  Koaisow,  Paica,  aad 
Tuaoooui.  Illtntrated.  ts.  6d. 

I«7,  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Alt  oC  • 
B7  T.  A.  Richardson,  Architect.  Illustrated,   is.  6d. 

128.  VITRUnUS—THE    ARCHITECTURE    OP  MARCUS 

VITRUVIUS  POLLO.    In  Ten  Books.   Translated  ham  tfaa  Latin  hf 

JosKPH  GwiLT,  F.S.A.,  F.R.A.S,   With  23  Plates.  5s. 

I|0).  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  a  Historical  View  of  the  Rise  and  Progress  of  the  Alt  ia 
Greece.    By  the  Earl  of  AnERDBBW.  is. 
V  TM*  tu9  Fntetimg  Work*  in  Omt  kambomm  VfL,  ka^iomn^  tmiiUed  "Amcaan 

ARCHmCTtTRR.*'  Ptict6». 

131.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Ereetion 

of.   By  S.  H.  Brooks,  Architect.  New  £dition,  with  Plates.   >s.  6d. 
156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 

Take  them  in  Hricklaycrs',  Masons',  Plasterers*,  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  Carpenters',  and  Joiners'  Work.  Hy  A.  C. 
llEATON,  Architect  and  Surveyor.  New  and  Enlartcd  Edition.  lUus.   is.  6d. 

175.  LOCK  WOOD     CO:S  BUILDER'S  AND  CONTRACTOR'S 

PRICE  BOOK,  for  1878.  containing  the  latest  Prices  of  alt  kiods  of  Bnildcn' 

Materials  and  Labour,  and  of  all  1  radcs  connected  with  Building  :  Lists  of 
^  the  Members  of  the  Metropolitan  Board  of  Works,  of  Districts,  District 

Officers,  and  District  Surveyors,  and  the  Metropolitan  Hye-lam.  Editedbgr 
FRANas  T.  W.  Miller,  Architect  and  Sur\'eyor.    3s.  6d. 

188.  CARPENTRY  AND  yoiNSRY—lHVi  Elementary  Prin- 
aPL^a  OP  CARPaimtv.  Chicflj  coinposed  (ram  the  Staodaid  Work  of 
Thomas  Trbdoold,  C.B.  Witih  Additions  from  Hia  Worka  «f  dia  amt 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  B.  WnmnAM 
Tarn,  M.A.  Numerous  Illttstratioos.  3s.  6d. 
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Architecture,  Building,  etc.,  continued. 

i8a«.  CAJiPEMTRY  AND  JOINERY,    ATLAS  of  35  Plates  to 
•cewpiMiy  die  towfoiag  book.  With  Deaeripttve  LeMetpna*.  4to.  6t. 

187.  HINTS  TO  YOUNG  ARCHITECTS.    By  Georgk  Wight- 

wick.  New,  Rpviseil.  and  enlarged  Kdition.  Hj-  (J.  licsKissoN  GuiLLAUSiE, 
Arcliitett.     With  numerous  Woodcuts.    35.  6d. 

188.  MOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WMTING:  A  Practical  Manual  of.  Witb  9  Coloured  Plates  of  Wobdx 
and  Marbles,  and  nearly  150  Wood  Eiigia*iii(i.  £y  fiu.is  A.  Davidson. 
Second  Edition,  carctully  revised,  5s.  [^'wf  published. 

189.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 
la  Sis  Sections:  General  Principle!;  Arch  Drawioff.  Cuttinr,  and  Setting : 
l^Mtttiar;  Paving,  Tiling,  Materials;  .Slating  and  Plastering;  Practical 

Geometry,  Mensuration,  8tc.    By  Adam  Hammond.    Illustrated.  is.6d. 

191.  PLUMBING.  A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  PlumlxT.  With  Chapters  npon  House  Drainage,  cmbodvintj  the  latest 
Improvemeats.  Containing  about  joe  Illustrations.  Bv  w.  P.  Duchan, 
Sanitary  Eagineer.  31.  [Ji$ti  published. 

1^.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDKk'S  STANDARD  GUIDE;  comprising  copiotu  and  valu- 
able Memoranda  tur  the-  Retailer  and  Builder.  IfyRiCllAUk  £.  Gmmbv. 
Second  iidition,  Revised,  js. 


CIVIL  ENGINEERING,  ETC.. 

Ij.  CIVIL  ENGINEERING,  the  RudimciUs  of;    for  the  Use  of 

Ileginner^,  for  I'r.ictical  Engineers,  and  for  the  Army  and  Navy.  By  Henkt 
LjiW,  C.E.  Includinti  Section  on  Hydraulic  l-ingineerinjf,  by  GeorCB  R. 
BuKNELL,  C.K.  5th  Edition,  with  Notes  and  lilustiations  by  RoBBRT 
MAl.i  Er,  A.M.,  F.k.S.    illustrated  with  Plates  and  Diagrams.  5s. 

a^.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.    By  G. 

Drysdai.e  Demi'sky,  C.E.   New  Edition,  enlarged.    Illustrated,    is.  Cd. 

30.  THE  DRAINAGE  OF  TOIVNS  AND  BUILDINGS,  By 
G.  Drysdalb  Dsmpsky,  C.E.   New  Edition.   Illustrated.   2s.  6d. 
\*  mth  "  Dnumge  if  Ditirieh  and  Lands,"  in  One  Vol.,  is.  bd. 

1%.  IVEf.r.-DIGGING,   BORING,    AND    PUMP-WORK'.  By 

iOHN  Gi-oRc.K  Swindell,  Assoc.  R.I.B..\.  New  Edition,  revised  by  G.  R. 
lURNELL,  L'.E.    Illustrated.  is.Od. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 

Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  BfidfM. 

By  Gen.  Sir  John  Bi'rck)vnk,  Bart.,  K.C.B.    Illustrated,    is.  cd. 

43.  TUBULAR    AND   OTHER    IRON  GIRDER  BRIDGES. 

Particularly  describing  the  Briianma  and  Conway  Tl  hii.ar  Bridges. 
With  a  Sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Art  of  Bridge  Bttildiuff.  BjrG.D.  DwmiVpCJt. 
New  Edition,  with  Illustrations,   is.  6d. 

te.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 

struction  on.  By  Sir  Macdonald  Stephenson,  C.K.  New  Edition,  enlarged 
by  £owAao  Nugbnt,  C.fi.   Plates  and  numerous  Woodcuts,  js. 

4to*.  BMBANKING  LANDS  FROM  THE  SEA,  the  Ptactice  of. 

Treated  as  a  Means  of  Profiuble  Employment  for  Capital.  Witb  Examples 
■ad  Particulars  of  actual  Embankments,  and  also  Practical  Remarks  on  tbe 
Repair  of  old  Sea  WalU  By  John  Wiggins,  F.Q.S.  Mow  Jiditiwo,  witb 
Notes  by  Rouear  MAixhi,  i-.R.S.  it. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  Whh 
a  Description  of  the  Principal  Geological  Formations  of  England  as  is- 
flueacing  Supplies  of  Water;  and  DMaib  of  Engines  and  Pumping  Macbiaery 
far  nisinc  Water.  Bv  Sanum.  Hihwb*.  t.QJS,,  C.&.  turn  Edition, 
revised  and  enlarged,  with  numerous  Illustratifms.  4s. 
§»••.  OAS  WORKS,  and  the  Practice  of  Manufactunnfj and  Distributing 

Coal  Gas.     I!y   Samukl    Huckks,    C.E.     NlW  Edition,  revised    by  W. 

1<  II  II  ^  k  I1-- ,    C.V..       I  I  i  U'.- I.l  tr  (i  .  V--tjd. 

7,  stahombrs*  hall  gourt>  ludgatb  uux,  e.c« 


Digitized  by  Google 


4 


wsalb's  rudimbntart  sbrhs. 


Civil  Engineering,  etc.,  continued. 

Hj.  SUBTERRANEOUS  SURVEYING ;  an  Elementary  and  Prac 
tical  Treatise  on.  By  Thomas  Fbnwick.  Also  the  Method  of  Conductinc 
SubtemiMoiu  Sanrqn  iritbont  tb*  Use  of  Uie  Magnetic  Moedlo*  and  ot^ 
modora  InpcoweoMBti.  By  Thomas  BAxn,  C.E.  mnatnted.  at.  fld. 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Skeldl 
ofc  By  David  Stbvbnson,  F.R.S.£.,  &c.  Plates  and  Diagrams.  3s. 

ui.  RIVERS  AND  TORRENTS.  With  the  Method  of  Regulating 
their  Connes  and  Channels.  By  ProfiBStor  Paul  Frisi,  F.R.S.,  of  Milan. 
To  which  is  added.  AN  ESSAY  ON  NAVIGABLE  CANALS.  Translated 
by  Major-Gencral  John  Garstin,  of  the  Bengal  EnRinccrs.  Plates.  2s.  6d. 

197.  ROADS  AND  STREETS  [THE  CONSTRUCTION  OF^, 
in  two  Furls:  I.  Tub  Akt  or  Constructing  Common  Koads, by  Hsmmt 
Law,  C.E.,  revised  and  condensed  by  D.  Kinnbak  Clark,  C.E. ;  11.  Ricurr 
Pbacticb  in  thb  Construction  or  Roads  and  Strbbts,  tnclndingp«veBWl» 
.  of  StoM^  Wood,  «ad  AsphaltOk  by  D.K.  Clam^  MJ.C.E.,  with  numermw 
niostnitioas.  4s.  6d.  [Jtut  ^ublitJUd, 

MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raishig 

Heavy  /icxlics  for  the  Erection  of  Buildings,  and  for  HoiltiaK  Goodl.  fi|^ 
JosKFH  Glynn,  F.R.S.,  8ic.   Illustrated,   is.  6d. 

34.  THE  STEAM  ENGINE,  a  Rudimentny  OVeetise  on.  B7  Dr. 

Lardnbr.   Illustrated,   is.  6d. 

59.  STEAM  BOILERS :  their  Constraction  and  Managemrat.  By 
R.  Akmstmnio*  C.B<  lOwttratod*  ts.  tA, 

63.  AGRICULTURAL  ENGINEERING :  Farm  Buildings,  Motive 

Power,  Field  Machines,  Machinery,  and  Implements,  liy  Cr.  H.  Anorbws^ 
C.E.    lUusirated.  3s. 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
00.  By  Sir  Edmund  Bbckbtt  (late  Edmund  Bbckbtt  Dbnison,  Ll.D.,  Q.C.)> 
A  new,  Rovised,  aod  ooniiderably  Enlarged  Edition  (the  6th),  widi  vaqf 
vanMroas  Tlhistratioiis.  is.  6d.  [7^^^  publhkai^ 

77».  THE  ECONOMY  OF  FUEL,  particularly  with  Reference  to 
Reverbatory  Furnaces  for  the  Manufacture  of  Iron,  and  to  Steam  Boilers. 
By  T.  Symbs  Pkideaux.   is.  6d. 

aa.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 
and  to  give  motion  to  Turbines  and  other  Hsrdrostatic  Engines.  By  Joseph 
Glynn,  F.R.S.,  8tc.   New  Edition,  Illustrated,  as. 

98.  PRACTICAL  MECHANISM,  the  ElemenU  of;  and  Machine 
Tools.  ByT.  IUkek,  C.E.  With  Rmttrks  on  Toob  and  Madunmy^by 

J.  Nasmyth,  C.E.    Plates,   ss.  6d. 

114.  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 
Working.   Illustrated  by  numerous  Examples  of  Modem  M.-ichin«y  {dt 
different  Branches  of  Aianulacture.  By  C.  D.  Aaat,  C  J^.  is.  6d. 
15.  ATLAS  OF  PLATES.    XOnstnting  the  above  Treatise.  By 

C.  D.  A«bi.,  C.E.   7s.  6d. 
125.  THE  COMBUSTION  OF  COAL  AND  THE  PREVENTION 
OF  $MOK.E,  Chemically  aod  Practically  Considnnd.  'VHA  an  Appssdia. 
By  C.  Wyb  Williams,  A. I. C.E.   Plates.  3s. 

159.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  at  length,  and  Examples  for  the  Ute  Of  PmctieRl lien.  By 
T.  Bakbr,  C.£.   lllastrat4Ml.   is.  6d. 

163.  THE  BRASS  FOUNDER'S  MANUAL;  Instractioos  Ibr 

Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  fcc.  With  copious  Receipts,  numerous  Tables,  and  Notes  on  Prime 
Costs  and  Estimates.   By  Walthr  Graham.    Illustrated.    2s.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  MachiaaSf 
Bfidfe8,Cran««,Sbip-bnildtnc,ftc.,ftc<  By  J.  G.  Wiimur.  lUnstntsd.  3$. 
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Maohanlcal  Engineering,  ete.,  eottHmui, 

165.  IRON  AND  NEAT,  exhibiting  the  Principles  concerned  in  the 

Confftraction  of  Iron  Beams,  Pillars,  and  Bridge  uirden.  and  the  Acticm  of 
Heat  in  the  Smelting  Furnace.   By  J.  Armook,  C.B.    n.  6d. 

166.  POIVER  IN  MOTION:  Horec-Power,  Motion,  Toothed- Wheel 

Gearing,  I^ong  and  Short  Driving  Bands,  Knf^Xix  Forces.  By  jAuas 
Armour,  C.E.   With  73  Diagrams,   as.  6d. 

167.  THE  APPLICATION  OF  IRON  TO  THE  CONSTRUCTION 
OF  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  WORKS. 
Francis  Campik,  C.E.  Seoond  Edition,  feviied  asd  comcted.  Nomrms 

Woodcuts.   a».  6d. 

171.  THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Engineer,  lastroctor  ia  Ewrineariaf 
Drawing,  Royal  Naval  College,  GtMBwUli.  TbiidBAtioB.  lUBitantM 
wiA  7  Flktes  and  nearly  350  Woodcvta.  M.  6d. 

190.  STEAM  AND  THE   STEAM  ENGINE,  Stationaiy  and 

Port.ible.  Being  an  extcn!»ion  of  Mr.  John  Sewell's  "  Treatise  on  Stcim." 
By  D.  KiNNRAR  Claric«  M.I.C.E.,  Author  of  "  Railway  Machineiy,"  8u:., 
ate  With  BBmenms  ninsbrntiaiii.  js.6d. 


SHIPBUILDING,  NAVIGATION,  MARINE 
ENGINEERING,  ETC. 

51.  NA  VAL  ARCHITECTURE,  the  Rndttments  of;  or,  an  Exposi- 
tion of  the  KIcmentar>'  Principles  of  the  Science,  and  their  Practical  Appli» 
cation  to  N.ival  Construction.  Compiled  for  the  Use  of  Beginners.  By 
James  Pkakk,  School  of  Naval  Architecture,  H.M.  Dockyard,  PoKtHMMlIb 
Fourth  Edition,  corrected,  with  Plates  and  Dtagranu.  js.  6d. 

53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementny 

and  Practical  Principlea  of  Ibo  CoBitmction  of.  By  Hakon  A.  Sommrr- 
KRLOT,  Surveyor  of  the  Royal  Norwegian  Navy.  With  an  Appendix,  is. 

53««.  AN  ATLAS  OFENGRA  VINGS  to  lUostnte  the  above.  Twelve 

large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54,  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Trcitise  on.  Also  Tables  of  Spars,  RiRging,  Blocks :  Chain, 
Wire,  and  ilcmp  Ropes,  &c.,  relative  to  every  c  l.-us  of  vessels.  Together 
with  an  Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy  of 
Ghreat  Britain  aod  Ireland.  By  Robert  Kifpi.no,  N.A.  Fourteenth  Edition. 
lUnstrated.  M. 

54».  IRON  SHIP-BUILDING.  With  Practical  Examples  nnd  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect.    >;th  Edition,  with  Additions.  4s. 

54*«.  AN  ATLAS  OF  FORTY  PLATES  to  lUustrate  the  above. 
Fifth  Edition.  Including  the  lateat  Exanmles,  snch  a*  H.M.  Steam  Frigalee 

"Warrior,"  "Hercules'*  "  Bellerophon  ; "  H.M.  Tioop  SUp  **Smt^** 
Iron  Floating  Dock,  &c.,  &c.   4to,  boards.  38s. 

55.  THE  SAILOR'S  SEA  BOOK:  a   Rudimentary  Treatise  on 

Navigation.  I.  How  to  Keep  the  Log  and  Work  it  off.  II.  On  Finding  the 
Latitude  and  Longitude.  By  Jamrs  Grbxnwood,  B.A.,  of  Jesus  CoUege, 
Cambridge.  To  iniich  an  added,  DiiectioM  far  Great  Circle  Sailing;  as 
Bmay  od  tto  Law  of  Sle«i  aad  Variable  "WnA* ;  and  ExplanaHoaa  of 
Tacmi  oaed  in  SUp-bvO^nc.  Niatt  EdltioB,  with  several  EagfaviBgo  aad 
Celoored  lUastrations  of  AoTlagt  of  Maritime  Nations,  at. 

to.  MARINE  EXGI.VES,  AND  STEAM  VESSELS,  a  Treallie 

on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robrrt  Murray,  C.E., 
bgincer-Snrreyor  to  the  Board  of  Trade.  With  a  Glossaiy  of  Tedmical 
Toms,  and  their  Equivalents  in  French,  Genua,  and  Spanish.  FUtt  Rditioe, 

revisea  and  enlarged.   Illustrated.  3s. 


7,  STATIONERS*  HALL  COURT,  UDDOATS  HILL,  B.C 


Digitized  by  Google 


6 


WIAUfS  MnmiEIITARY  SBRIBS. 


Shipbuilding,  Navigation,  etc.,  continued. 

8^l/is.  THE  FORMS  OI'  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally Derived,  on  some  of  the  Print  iplcs  regulating  Ship-building.  Hy  W. 
Blamo.  bixtb  Edition,  revised,  with Dumeroiu  Ultutrations and Modd*.  is.  6d. 

9^  irAVTGATlON  Am  NAUTICAL  ASTRONOMY,  In  Theory 

and  Pr.irtkc.  AVitli  Attempts  tn  facilitate  the  Finding  of  the  Time  and  t}ie 
Longitude  at  Sea.  \\y  J.  K.  VoL'Nc:,  formerly  Professor  of  ilathematics  in 
Belfast  College.    Illustrated.    2S.  6d. 

100*.  TABLES  intended  to  faciUtate  the  Operations  of  Navigation  and 
Natttted  Aitronony,  is  as  Acconpaniaunt  to  tfie  above  Book.  Bjr  J.  R. 

Young,  is.  6d. 

io6.  SHIPS*  ANCHORS,  a  Treatise  on.  By  Gkojige  Cotskll, 
N.A.   Illustrated,   is.  Cd. 

149.  SAHS  AND   SAIL-MAKING,  an  Elementary  Treatise  on. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also.  Weights 
and  Sizes  of  Ropes  ;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  !(C.,  8cc. 
Tenth  Edition,  cnl.arged,  with  an  Appendix.  Hy  Robert  Kippi.vg,  N.A-, 
Sailmaker,  Quayside,  Newcastle.    Illustrated,    as.  6d. 

155.  THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NAVIES.  By  a  Practical  Emowbbr.  Revised  by  D. 
F.  M'CAnny,  late  of  the  Oidnanoo  Snrvij  OIBc^  SfMilbaaiptoB.  jt. 


PHTSIGAL  SCIENCE,  NATURAL  PHILO- 
SOPHY, ETC- 

1.  CHEMISTRY,  for  the  Use  of  Beginners.    By  Professor  Geo&OB 

FowMBS,  F JUS.  With  an  Appendu(«  on  the  Application  of  Qicfluetij  t» 
Agricnltme.  zs. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.  By  C.  ToMi.iNSON,  Lecturer  on  Natural  Science  in 
King's  College  School,  London.    WoodcotS.   It.  6d. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Propertin 
of  Minerals.    By  A.  Ramsav,  Jun.   Woodcuts  and  Steel  Plates.  3s. 

6.  MECHANICS,  Rudimentary  Treatise  on;  being  a  concise  Ex- 

I>osition  of  the  General  Principles  of  Mechanical  Scienoe>  and  their  Applica* 
tions.  B^  Charles  Toulinsom,  Lectnier  on  Natnral  Scienee  in  lung's 
College  School,  London.    Illustrated,    is.  6d. 

7.  ELECTRICITY :  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.  With  considerable  Additions  by  R.  Sabinr,  C.B., 
F.S.A.   WoodcuU.   IS.  6d. 

7*.  GAL  VANISM,  Rudimentary  Treatise  on,  and  the  General  Frin- 
ciples  of  Animal  and  Voltaic  Electricity.  By  Sir  W.  Snow  Hakms.  New 
Edition,  revised,  with  considsnble  Aoditiona,  bf  ROBBRT  S*BIMI» 

F.S.A.  Woodcuts.   IS.  6d. 

8.  MAGNETISM :  being  a  concise  Expedition  of  the  General  Prin- 

ciples of  Ma^etical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  Harris.  New  Edition,  revised  and  enlarged  by  a.  M. 
KoADk  FtuD.,  Vice-President  of  tiie  Chemical  Society,  Anther  of  "A 
Manna!  of  Etadricity,"  &c.,  flkc.  With  i6s  Woodcnts.  3s.  6d. 

1.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress ; 
with  DescriptioMof  some  of  the  Apparatus.  By  R.  Sabihi,  C.£^  F^.A.p  Itc. 
Woodcvts.  js. 

13.  PNEUMATICS,  for  the  Uie  of  Beginners.    By  Chasus 

TOMUitsoN.  Illostrated.  zs.  6d. 

7a.  MANUAL  OF  THE  MOLLUSCA;  %  TttaKlat  on  Recent  and 

Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  With  Appendix  by 
Ralph  Tate,  A.L.S.,  F.G.S.    With  numerous  Plates  and  300  Woodcutjt, 

6s.  6d.    Cloth  boards,  7s.  6d. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued^ 
79«*.  PHOTOGRAPHY^  Popalar  TVeattse  on;  -with  a  Descriptiim  of 

the  Stereoscope,  8ce.    Tr.insl.ited  frnm  the  French  of  D.  VaW  MoNCKBOVBN» 

by  W.  H.  Thornthwauh,  I'b.D.    Woo<kuts.    is,  6d. 

96.  ASTRONOMY.     By  the  Rev.  R.  Main,  M.A.,  F.R.S.,  &c. 

New  and  ealarcMl  Edition,  with  an  Appendix  on  "  Specbram  Anaib****" 
Woodcnts.  tf.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing:  also  a  clear  development  of  H3-drostatics,  Hydrodynamics,  and 
Central  l-orces.    By  T.  Baker.  C.£.    is.  6d. 

I^.  TELEGRAPH,  Handbook  of  the;   a  Manual  of  Tclcpraphy. 

IcieKraph  Clerks'  Kenicmbrancer,  nnd  Guide  to  Candidates  lor  Emploj- 
mcnt  in  the  Telegraph  .Service.  Hy  K.  IJond.  Fourth  Kdition,  nrvisea  and 
enlarRed  :  to  whi.  h  is  appended,  QUKSTIONS  on  MAdNKTISM.  ELEC- 
TRICIl  V.  .iml  I'R  \(  IICAL  'i^LEGRAlMlV,  for  the  Cse  ot  StudenU, 
by  W.  Ml  Gkkgok,  First  A.ssistant  Superintendent,  Indian  CSov.  Telegraphs. 
AVoodcuts.  y^. 

143.  EXPERIMENTAL   ESS  A  YS.     By   Charlfs  Tomi.tnson. 

I.  On  the  Motions  of  Camphor  on  ^\■atc^.  II.  On  the  Motion  (if  Camphor 
towards  the  Light.  III.  History  of  the  Modem  Tlienry  of  Dew.  ^\■<lOl!^  uts.  it. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  AUjor-Gencral  PoET- 

lock's  "  Rodiments  of  Geology."  By  Ralph  Tatb,  AX.S.,  fte.  Nimeitwi 

Woodcuts.  2S. 

174.  HISTORICAL    GEOLOGY,  partly  based  on  ^Ltjor-Gencral 

Portlock's  "  Rudiments."  ily  Rali'h  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  PhvMcal  and 

^       Historical.    Partly  based  on  M.ijor-Gcncral  I'ORTLOCK's  "  Rudjments  of 

...     Geology."  liy  Rai  ph  Tatk,  A.L4i.,  F.O^^  Itc^ ta.  Momeroas lUttrtn* 
tioos.   In  One  Volume.  4s.  6d. 

183.  ANIMAL  PHYSICS,  Haadbook  of.  By  Dionysius  Lardnbr, 

gm     D.C.L.,  fermerlj  Professor  of  Natnml  Philosophy  and  Aitraaoaij  in  Uni- 
^       wmStf  College,  London.  With  520  Illustrations.    In  One  Vdnae,  cloth 
184*    boanu.  7«.6d. 

SoU  alio  in  Two  Paris,  as  foilinvs  :~ 
i8j.    Animal  Physics.   Ky  Dr.  LAMMmt.  I'art  I.,  Chapter  I— VII.  as. 

184.  Ammal  PHvaiGS.  By  l>r.  JUbwibk.  Past  U.  Chapter  VIU-XVUI.  Jl. 


MINING,  METALLURGY,  ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practfcd 
Treatise  on.  with  and  withont  the  Magnetic  Needle.  By  Thomas  Fimwmc, 
Snnreyor efflttnet, and Thomm  Bakss,  C.B.  Itloslraied.  ta.  6d. 

133.  METALLURGY  OP  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking.  Mining,  and  Assaying  Copner,  and  Manufacturing  its  Alloys. 
By  ROBRRT  n.  LAMnoR.s,  Ph.b.    Woodcuts.  ol. 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores;  their  Assay  and  Treatment,  and  valuable  Constiiucnts.  Jly  Dr. 
R.  H.  Lamiiokn.    Wooiicuts.  2<i 

135.  ELECTRO-METALLURGY;  PracUcaUy  Treated.    By  Alkx^ 

AicDsn  Watt,  F.R.S.S.A.  New  Edition,  enlarged.  Woodcnta.  ss.6d. 
17a.  MINING  TOOLS,  Manual  of.   For  the  Use  of  Mine  Uanagm, 
Agents,  Students,  8ic.   Comprising  Observations  on  the  Materials  from,  and 
Processes  by,  which  they  are  manufactured  ;  their  Special  Uses,  Applica« 
taoos,  Qualities,  and  Efficiency.  By  Wiujam  M oaCAM^  Lecturer  en  Mininf 
at  the  Bristol  School  of  Mines,  ss.  6d. 
17a*.  MINING  TOOLS,  ATLAS  of  Engra\'in{js  to  Illustrate  the 
above*  containing  ajs  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to 
4s.  6d. 
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Mining,  Metallurgy,  etc.,  continued. 

176.  METALLURGY  OF  IRON,  a  l>eatise  on  the.  Containing 
Hutoiyof  Iron  Kanufiictiire,  Ifethoib  of  Amy,  and  Analysei  of  Iron  Orea, 
Processes  of  Mandacture  of  Iron  and  Steel.  Ice.  By  H.  Baucmum,  F.G.S. 
Tonrth  Edition,  enlarc^od,  with  numerous  Iilustrationt.  4s.  6d. 

180.  COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on. 
By  M'arinoton  W.  .Smyth.  M.A.,  F.R.S„  8tc.,  Chief  Inspector  of  the 
Mine  s  of  the  Crown  and  ot  the  Duchy  of  Cornwall.  New  Sdition,  rOliaed 
and  corrected.   With  numerous  Illustrations,   js.  6d. 

19s.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM-- 
PLliTS  GUIDE,  wHAk  wem  Tiavene  Tables ;  and  DeMnptioos  of  Improved 
iMtnoDOnti;  mlaoOe  Correct  Principlee  of  uqing  ook  OM  ValiUng  Mineral 
Properties.  By  William  Livtbrn,  Mininf  aid  Civil  Engineer.  With 
four  Platetof  Diagrams,  Plans,  &c.   3s.  6d.  {Now  Ready. 


EMIGRATION. 

154.  GENERAL  HINTS  TO  EMIGRANTS.  Containing  Notices 
of  the  various  Fields  for  Emicrration.  With  Hints  on  Preparation  for 
Emigrating,  Ou^ta,  See.,  ftc.  With  Directions  and  Recipes  nsefut  to  the 
Emigrant.   With  a  Map  of  the  World.  2s. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.     By  Robert 

Jamks  Mann,  F.K.A..S.,  F.M.S.  Second  Edition,  carefully  cornctcd  to 
the  present  Date.    Map.  2s. 

159.  THE  EMIGRANT'S  GUIDE  TO  AUSTRALIA,  New  South 

Wales,  Wesietn  Amtralia,  South  Australia,  Viei9rim,miidQlMem»taml, 
theKev.  Jambs  BAian.  BJ^.  Map.  ss.  6d. 

160.  THE  EMIGRAt^S  GUIDE  TO  TASMANIA  and  NEW 

ZFALAND.    By  theRev.  JAMH.S  Baird,  B.A.    With  a  Map.  M. 

i^i^&clHE  EMIGRANTS  GUIDE  TO  AUSTRALASIA,   By  the 
160,  Rev.  J.  Baibd,  B  Ji.  Comprising  the  above  tivo  velnmes,  doth  boaidi.  51. 

AGRICULTURE. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS,  By 
G.  Dktsdau  DsMFSsr,  C.B.  Illottrated.  ii.  6d. 

%•  With  "  Drainage  of  Towns  and  nuildings"  in  One  Vol.,  3J.  6d. 

63.  AGRICULTURAL  ENGINEERING:  Farm  Buildings,  Motive 
{Powers  and  Machinery  of  the  Steading,  Field  Madiinet,  and  finploHWati. 
By  G.  H.  Amoksws,  CE.  lUnstrated.  jm. 

66.  CLAY  LANDS  AND  LOAMY  SOILS.     By  Professor 

DONAIDSON.  XS. 

131.  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 

RKCKONKK,  for  ascertaining  at  sight  the  value  of  any  quantity  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  mm  ifzto 
/'S  per  Qr.     \\  i'Ji  .iiiiiriixim  iti-  values  cf  Afillstnnes,  Millwork,  fliC.  IMm 

14a  SOILS,  MANURES,  AND  CROFS.   (Vol.  i.  OUTLIMBS  OF 

Modern  FARMtNG.)   By  R .  Scott  Burn.  Woodcuts,  m. 
T41.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 
and  Practical,  on.   (Vol.  2.  Ol'tunks  of  Modern  Farming.)   By  R.  Scott 
Burn.    Woodcuts,  js. 

143.  STOCK;  CATTLE,  SHEEP,  AND  HORSES,  (VoL  t. 
OtiTLtitts  or  MoDKRW  FAamxc.)  Bv  K.  Scott  Btntw.  Voodcnta.  a.  6d. 

14s*  DAIRY,  PIGS,  AND  POULTRY,  Manai^'emcnt  of  the.  By 
R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outlinis 
OF  Modern  Farming. ^    Woodcuts.  2s. 

146.  UTILIZATION    OF    SEWAGE,    IRRIGATION,  AND 
RECLAMATION  OF  WASTE  LAND.  (Vol.  S.  Omujas  or  IfoMur 
Fakminc.)  By  R.  SooTT  Bimii.  Woodcuts,  as.  dd. 
*••  Not.  140-X-2-5-6,  in  One  Vol.,  handsomely  half-boaod,  entitled  "OoTURis  or 

Moni-KN  FARMIXr-."     HV  ROHKRT  ScOTT  Bl'RN.     Price  125. 

177.  FRUIT  TREES,  The  .Scieiititlc  and  T^rotitable  Culture  of.  From 

the  French  of  Di'  Brhuii.,  Revised  by  (Jk).  Gi  fnny.  187  \\  fi<Hk-uts.  ;s.  6d 
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FINE  ARTS. 

ao.  PERSPECTIVE  FOR  BEGINNERS.     Adapted   to  Young 

Students  and  Amateurs  in  Architectare,  Painting,  8cc.  By  Gborck  Pynb, 
Artist.  Woodcuts.  2s. 

40  GLASS  STAINING  ;  or,  PainUng  on  Glass,  The  Art  of.  Com- 
$t  prising  Directions  for  Prt  narin^  the  PignenU  and  Fluxes,  laying  them  upoa 
^1  dw  QXaam,  and  Firias  or  Bunuag  in  tbe  Colovn.  From  the  German  of  Dr. 
^  GusutT.  To  nUcb  is  add^  an  Apoendix  on  The  Art  op  Bnahkixino, 
fte.,  widiTRK  Art  or  Paivtimo  on  Glasa.  Firom  tbe  Gennaaof  Emamiibl 

Otto  Frohrkro.   In  Om'  Vrl  unr.   as.  6d.   

69.  MUSIC,   A   Rudimentary   and   Practical   Treatise  00.  'WlQl 
numerous  Examples.   By  Charles  Child  Spbncer.   2s.  6d. 

71.  PIANOFORTE,  The  Ait  of  Playing  the.  With  numenms  Eaer* 
dawandlMNoa.  Wrimo  aad  Sdected  from  tiio  Bwt  Marteca,  lyCHAWJM 

CmiD  SnmcsK.  it.  6d. 

tSl.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 

Oil,  Mosaic,  Water  Colour,  \\'ater-(jlass,  Tempora,  Encaustic,  Miniature, 
Paintin;;  on  Ivor>-,  Vellum,  Pottcn,-,  Knarael,  Glass,  8ic.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F..S.A.  Third  Edition,  rwriaed  sad  edMted,  irith  Fkwtiqriaett 
and  VifneCte.  5s.   

186.  A  GRAMMAR  OF  COLOURING^  applied  to  Decorative 
Painting  ftod  Che  Artt*  By  GaoaOB  FIblo.  New  Edition,  enlarged  aod 
adapted  to  tbo  Use  of  A«  OnaiiMBtal  Painter  and  Designer.  By  Klus  A* 
Davidson,  Author  of  "Ilnwinr  Ibr  Carpenters,"  &c.  With  two  amr 
Coloured  Diagrams  and  Bttmerons  Eagravinc*  on  Wood.  ss.  6d. 


ARITHMETIC,  GEOMETRY,  MATHEMATICS, 

ETC. 

3f.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction  and  the  Methods  of  Testing,'.  Adjustinjj,  and  Usint;  them 
are  conciselv  Kxplained.    By  J.  F.  Heather,  M.A.,  of  the  Koyal  Milituy 
Academy,  \Voolwirh.   OriKinail  Edition,  in  i  vol..  Illustrated,   is.  6d. 
*•*  /it ortUring ike abovt, becartjul io My,  " Origiital Editiont* orjnv* the mmmbtr 
t'n  iht  Series  (ja)  U  J&t&gm&k  U /nm  tht  Bmlargti  Bdiiim  im  j  mfr. 
{Not.  168-9-70.) 

60.  LAND  AND  ENGINBBRmG  SURVEYING,  %  TtMst  on; 

with  all  the  Modem  Improvomcnt';.  Arranged  for  the  LTse  of  Schools  and 
Private  Students ;  also  R>r  Practu  il  Land  Sun'cyors  and  Enrinecrs.  By 
T.  Bakek  C.K.  N<  w  Kdition,  revised  bjBoWAftO  NoOBWr,  C.B.  lUoS- 
tratcd  with  Plates  and  Diairrams.  21. 

6l«.  READY  RECKONER  FOR  7  HE  A  DMEASUREMENT  OF 
LAND.  By  Abraham  Arman,  Schoolmaster^  Tburleigb,  Beds.  To  which 
is  added  a  Table,  showing  the  Price  of  Work,  from  M.  6d,  per  acre^  and 
Tablea  Ibr  tbe  Valnatioo  of  Land,  from  n*  to  j^t^  per  acre,  and  from  OM 
pole  to  two  ttiontae^  acre*  in  extent,  te.,  ftc.  it.  6d. 
Ih.  DESCRIPTIVE  GEOMETRY,  an  Elementar\'  Treatise  on; 

with  a  Theory  of  Shadows  anil  of  Perspecti\-e,  extracted  from  the  Fron<  h  of 
G.  MoNGK.  To  wliii  h  is  ailt?cd,  a  desrriptin.i  of  the  I'rim  ;;  li  v  ami  I'l.n  tier 
of  Isometrical  Projection  ;  the  whole  bcin);  intended  as  an  introduction  to  the 
Application  f)f  Descriptive  Ge<iractr\- to  vari'Piis  branchei  Of  CIm  AltS*  Bj 
J.  c.  Ukathbr,  M.A.    Illustrated  with  14  IMati  s.  as. 

ViZ,  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simpleal 
Modes  of  Conrtractinc  Fieures  contained  in  one  Plane  and  Geooelrical  CoB> 
ttruction  of  tbeGtonnd.  Hy  J.  P.  HsATmnt,  M.A.  With  ais  Woodcuts,  n. 

9.  PROJECTION :  Orthographic,  Topnrrrnphic,  and  Perspective: 
givini;  the  various  Modes  of  Delineatinp  Sol  d  I'orms  liy  Cf)nstruction8  on  a 
Single  Plane  Surface.    By  J-  F.  Hkathkr,  M.A.  [I't  preparaiittu 

•  <*  tH*  uiov*  ihree  vahimet  wtu/ffrm  a  Courui  ttL  Elemk.miary  Coursb  or 

MATaBMATKAL  DbAWIMO. 
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Arithmetic,  Geometry,  Mathematics,  etc^  contmutd. 

S3.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  PhnMi 
and  Fofoii  ia  EogUsb,  Fraocb,  Italian,  and  Gefmaa.  By  Jambs  HaMMW, 
M  JL,  Aritiinetical  Matter  of  King's  CoU^  SdM»dl,  London,  is. 

84.  ARITHMETIC,^  Rudimentary  IVeatise  00:  with  full  Explana- 
ttons  of  it»  'ITieorptical  Principles,  and  numerous  Examples  for  Practice.  Por 

"  If-  ' 


the  Use  of  Schools  and  for  Self- Instnirtion.    By  J.  K.  YoUNO,  late 
of  Mathematics  in  liclfast  Colleffe.    New  Edition,  with  Indci.    !<!.  6d. 

84*.  A  Ki:y  to  the  above,  cont.iinin^j  Solutions  in  full  to  the  Exercises,  togetber 
Willi  Coninu  nts.  Kxplanations,  and  Improved  Processes,  for  IM  USO  «£ 
Teachers  and  Unassisted  Learners,    lly  J.  R.  VouNt;.    is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  npplied  to  Questions  of  Interest, 

85*.   Annuities,  Life  Assurance,  and  Ot-ncra!  CnmrntTce  ;  with  \  ,irii>us  laLlesbjT 
whirh  all  Calculations  may  be  Krcatlj-  facilitated.   JJy  \V.  Hii*si.tY.  2s. 

86.  ALGEBRA,  the  Elements  of.     By  Jamf.s  Haddo.v,  M.A., 

Second  Mathematical  .Master  (  f  Kinjj's  CollcBC  -Srlioul.    With  Appendix,* 
containing  miscellaneous  investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra.  2s. 

86*.  A  Kay  AMD  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Kxpcdieota 
aoosssary  in  AlMbraical  OpenUtons.  E^ectally  adapted  for  Salf-Initruc* 
tion.  By  J.  R.  YOtTNO.  zt.  6d. 

88.  EUCLID,  Thk  Elemknts  of  :  with  many  additional  Propositions 
So.   and  £xplanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
^    Logic.  ByHBNaY  Law.C.E.  ss.6d. 


Sold  nl^o  irpnrairly,  viz. 


88.  Eucuu,  The  First  Three  Books.    Jiy  Hk.nry  Law,  C.E.  is. 

89.  Etwuis  Books  4, 5, 6,  tz,  ss.  "Be/  Hstimr  Law,  C.B.  n.  6d. 

AN  A  LYTIC  A  L    GEOMETRY  AND    CONIC  SECTIONS, 

a  Rudinii-ntaiy  Treatisi-  on.  By  Jamfs  Hann,  late  Mathematical  Master  or 
King's  Ciill«'>;e  .Schoc)!,  l.'mdon.  A  New  Edition,  ri'-written  and  enlarged 
by  J.  K.  Young,  formerly  Professor  of  Mathematics  at  Belfast  College.  2S. 

91.  PLANE   TRIGONOMETRY,  the  Elements  of.    By  Jaaiks 
Hamn,  fennorly  Matbonwiical  Master  of  King's  College,  London,  is. 

93.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.   By  JaMBS 
Hakn.  Revised  by  Charlbs  H.  Dowunc,  C.E.  is. 
Orw&k  **  7Ti0  SUmtnh  «fFiam  TritrntmutryJ*  im  On*  Vtbama,  sf. 

93.  MBNSURA  TION  AND  MEASURING,  for  Students  and  Prac- 

tical  Use.  With  the  Mensuration  and  LevcUini;  of  Land  for  the  Purposes  or 
Modern  Engineering.    By  T.  Bakbr,  C.E.    New  Edition,  with  Cowectioas 

and  Additions  by  E.  NuGKNT,  C.E.    Illustrated,    is.  6d. 

94.  LOGARITHMS,  a  Treatise  on;  with  Mathematical  Tables  for 

facilitating  Astronomical,  Nautical,  I  rignnometrical, and  Ixigarithniic  Calco> 
iations;  Tables  of  JNatural  Sines  and  Tangents  and  Natural  Coriass.  B{y 
Hamnr  Law,  C.B.  lUoslntei.  es.  6d. 

101«.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONH,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mabometas 
Calendars.  By  W.  S.  B.  WoowoinB,  PJt,JLS.,  8kc  is.  6d. 

ICS.  INTEGRAL  CALCULUS,  Rudimentuy  Tkeatise  oa  the.  By 

HoMKKSHAM  Cox,  B.A.    Illustrated,  is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  James  Hann, 

late  of  King's  College,  London.    Illustrated,  is. 

lOl.  DIFFERENTIAL  CALCUL  US,  Ezunpkt  of  the.  By  W.  S.  B. 

WooLHOusB,  F.R.A.S.,  &c.   is.  6d. 

104.  DIFFERENTIAL  CALCULUS,  Examples  and  Solntioni  of  the. 

By  Jambs  Hahdom,  M Ji.  is. 


LONDON  :  CROSBY  LOCKWOOD  AND  CO., 


Digitized  by  Google 


wkalb's  mnnMiNTiULY  suuss. 


tl 


Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 
10%.  MNEMOXICAL   LESSORS. -^GEOUET&Yt   Algebra,  and 

Trigonometry,  in  Ka«v  Mncmonical  Immmw*  By  tha  Hoiv.  TWftftftff- 
Pbnykgton  Kirkman,  ii.A.   is.  6d. 

136.  ARITHMBTlCy  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instnictioa.  Bj  JAKU  Haooom,  MJL    Remad  by  Abkaiiaii  Amuit. 

IS.  t>d. 

137.  A  Kby  to  HadoON's  RVMMBtfTAKV  AKtTBMBTIC.    By  A.  AXMAK.   tl.  fid. 

147.  ARITHMETIC,  STrppiVG-STONF  to;  being  a  Complete  Course 

of  Exercises  in  the  i'irst  l  our  Rules  (Sinipif  and  Conipounil),  on  an  rntircly 
now  principle.  I-'or  thr  I'sc  of  Klcmcntary  Schools  ot  every  (itade.  Intended 
as  an  Introductioo  to  the  more  extended  works  on  Arithmetic.  By  Abraham 
Arman.  is. 

148,  A  Kkv  to  STEPPtNG-SrosJB  TO  Arithmrtic.   By  A.  Armav.  is. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 

full,  f.i^y,  .^n^\  simple  Instructions  to  perform  :ilt  iiusincss  C.ilcul.itions  with 
unexampled  rapidity  and  accuracy.  Hy  Charlks  Hoakk,  C.E.  With  a 
.Slide  Ki.le  in  tuc  k  of  cover,  js. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

inp — I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  xhv  C'rinstrm  tinn,  t  opyinj^,  .ind  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  lor  the  nurposes  of  Acc:urate  Measurement,  and  for 
Arithmetical  Computations.  Hy  J.  F.  Heathkr,  M.A.,  late  of  the  Royal 
Military  Academy.  Woolwich,  Author  of  "  Descriptive  Geometry,"  See,  &c. 
Illustrated,    is.  (xl. 

169.  OPTICAL  INSTRUMENTS.   Including  (more  especiaUy)  Tele- 

scopes.  Microscopes,  and  Aroaratus  for  producing  copies  01  Maps  and  Plaai 

by  rhoto>:raphy.    By  J-  ^  -  Hkatiikr,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS, 

Indodinv— I.  Instruments  L'sed  for  Determining  the  Geometrical  Featwcs 
of «  poftioa  of  Groaad.  II.  InatnitneBU  £mplojrea  ia  Astfoaooucal  Obterrs* 
tiooB.  By  J.  F.  Hbathbii,  TAJl.  IHntlrated.  zi.  6d. 

•gP  The  above  three  yoiumet  form  an  enlarf^rmrnt  of  the  Author's  orij^'nal  tMn(» 
Mathematical  Instruments:  their  Cvm  true/ ion,  Adjustmen  (,  7  est  in  i^,  and  Use, 
the  Eleventh  Edition  of  which  is  on  sale,  price  is.  (id.  i.SVi'  .\\>.  32  tn  the  Series.) 

xO.^  MATHEMATICAL  INSTRUMENTS.   By  T.  F.  Heathkk, 

169.  r  M>A.  Eolarfed  EditloD,  for  the  most  part  entirely  re-wntten.  The  3  Parti  as 

170.  *  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6<1. 

185.  THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 
ment of  Hoards,  Glan,  ftc.,  &c.;  L  nequal-sidcd,  Square-sided.  OctaTOnal- 
lided^  Round  Timber  and  Stone,  and  btanding  Timber.  With  a  Table 
■bowing  the  solidity  of  hewn  or  eif^-ddcd  timber,  or  of  aay  OCtacoaal- 
aided  column.  Compiled  for  the  accommodation  of  Tilober-frOiVMBt  Mer* 
draatl, and  Surveyors,  Stonemasons,  Architects,  and  Others.  ByItiauUU> 
Hortoi*.    Third  Edition,  with  valuable  additions,  as. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 

TIE.S;  with  Tables  of  I  o^^.irlthms  for  the  more  Difficult  Compulations  of 
Interest,  Discount,  Annuities,  &c.  By  FlooR  Thomam,  ot  the  .Socicte  Credit 
Mobiliar.  Paris.  ^  [Nomrtoefy* 


LEGAL  TREATISES. 

Sa  THE  LAW  OF  CONTRACIS  FOR  WORKS  AND  SER* 
VICES.    By  David  Gibbons.    Third  Edition,  revised  and  considerably 

enlarRod.    3s.  [Just  published. 

ISI.  A  HANDY  BOOK  ON  THE  LAW  OF  FRIENDLY,  IN- 
DUSTRIAL  <^  PROVIDENT  BUILDING  ^~  LOAN  SOClBTfBS. 
With  copious  Notes.    By  Nathavirt,  Whitb,  of  H.M.  Civil  Service,  is. 

163.  THE  LAW  OF  PATENTS  FOR  INVENTIONS;  and  on 
the  Protectioa  of  Darfgu  a»d  Tnda  Maries.  By  F.  W.  Camiw,  " 
at-Law.  as. 
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MISCELLANEOUS  VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE^ 
BUILDING,  RNGINEF.RLXG,  MINING,  METALLURGY,  ARCHM- 
OLOGYt  Uu  FINE  ARTS,  dfc.  By  John  Wbalb.  Fifth  Edition.  &e«iMd 
by  RoBSRT  Hunt,  FJLS.,  Keeper  of  Uibuik  Record*.  Nmerons  mw- 

tnitions.  St. 

112.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R,  Goodhco, 
\\..\.,  Ai  B.  Intended  u  &  Fanilf  Goide  is  aU  Cam  of  *  and 

Emergency.  2t. 

412*.  MANAGBMENT  OF  HEALTH.    A  Manual  of  Hbow  aad 

Personal  Hypicne.    By  the  Rev.  James  Baird,  H.A.  is. 

1x3.  FIELD  ARTILLERY  ON  SERVICE.  By  Taubert,  Captain 
Pnusian  Artillery.  Translated  by  Lieut.-CoI.  H.  H.  Maxwsu..   is.  6d. 

«I3«.  SWORDS,  AND  OTHER  ARMS.  By  Col.  Masxt.  Tkiadatod 

by  Col.  H.  H.  JiIaxweil.   With  Plates,  m. 
150.  LOGIC,  Pure    and    Applied.      By  S.  H.  J-..m.\ie.ns.  Third 

Edition.    IS.  6d. 

152.  PRACTICAL  HINTS  FOR  INVESTING  MONEY.  With 

an  Explanation  ot  the  Mode  of  Transacting^  Businc&s  on  the  Stock  Exchange. 

Hv  Fkancis  Pi  ayfokd,  .Sworn  Broker,    is.  Cd. 

153.  SELECTIONS  FROM  LOCKE'S   ESSAYS   ON  THE 

HUMAlt  USDBRSTAffDMG.  With  Notee  1»y  S.  R.  Bmniis.  M. 

•  193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Prt  parinK  for  Promotion,  and  especially  adapted  to  the 
retjiiircments  of  BeRinric-rs.  J  '.y  Major  W.  W.  KNOLLYS^  FJLG.S.,  «S<< 
Sutherland  Hiirhlandcrs,  &c.  "With  x6a  Woodcuti.  ts. 

494.  THB  HOUSE  MANAGER:  Being  a  Guide  to  Housekeeping. 
Practica]  CookeiT.  PickliDjg  and  PreMrving,  Household  Wocl^  Dniiy 
Management,  the  Table  and  Dessert.  Cellarage  of  Wines,  HonM-bivwinc 

and  Wine-making,  tlie  I?(iudoir  ana  DrcssinR-room,  Travelling,  Stable 
Economy,  Gardening  Opcratiuns,  8u:.   By  An  Old  Ho(;sBKtiJnR.  jt.  6d. 


EDUCATIONAL  AND  CLASSICAL  SEBIE& 


HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Ori^n  and  Progress  of  the  English  Constitution.  A  Text 
Book  for  Schools  and  Colleges.  By  WlUlAM  UOOOLAS  HAMILTON.  FiS.A.t 
of  Her  Majesty's  Public  Record  Office.   Fourth  Edition,  teviaed.  Mapa 

and  Woodcuts.    5s. ;  cloth  boards.  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civili/.ition  in  Euiope.    By  W.  Douglas  Hamii.tok 
of  University  College,  London,  and  Edward  Lbvibn,  M.A.,  of  Balliol 
Colleffeb  OiMffdl.  la.  6a.;  doUi  ooaidt,  ja.  6d. 
7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  lira  and  llu-  romnu  nf  ement  of  the  Decline  of  the  Empire. 
OyBDWAKO  LaviKN.oi  Halliot  College,  Oxford.  Map,  2s.6d. ;  cl.bds.31.6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  Worl.l  to  the  Conclusion  Off  tiba  Fraaco-QemUl 
War.    The  Continuation  by        D.  HamilKW,  F.S.A.,  «ff  Bar  M^Jai^a 

Record  Office.    39. ;  cloth  boards,  3s.  bd. 

5a  Dates  and  Events  in  English  History,  for  the  use  of 
Caadidatea  in  Public  and  PriTafe  F.nminatkwn,  BytheKev.E.  Kamd. 
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ENGLISH  LANGUAGE  AND  MISCEL- 
LANEOUS. 

II.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

Witb  an  Introduction  to  the  Study  of  Cooiparativtt  FhOolCigy*   B||f  HVDS 

Clarke,  D.C.L.   Third  Edition,  is. 

II*.  Philology:  Handbook  of  tlie  Comparative  FhOoloey  of  English, 
ADclo-Saaon.  Friiian,  Flemish  or  Dutch, Xow  or  Piatt  Dutch,  High  Dutch 
or  OenBaa,  Daaltb,  Swedish,  Icelandic,  Latin.  Italian,  French,  Spanish,  and 
Portuguese  Tong:ucs.   By  Hydb  Clarke,  D.C.L.  is. 

13.  Dictionary  of  the  English  Language,  as  Spoken  and 

"Written,  ConUining  above  100,000  Words.  By  MTOB  Clarkk,  D.C.L. 
js.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and  Punctuation,  famiUariy  Explained  for 

those  who  have  ne^ectod  the  .Study  of  Gmnar.  Br  Jvnm  BaniAM. 
i6tb  Edition,  is. 

49.  Derivative  Spelling^Book :  Glt^ng  the  Origin  of  Every  Woid 

from  the  Greek,  I^tin,  Saxon,  German,  Teutonic,  Dutch,  IVt  nch,  Spanish, 
and  other  L^inguages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Folpi^  the 
Senate^  aad  Ae  Bar.  By  M.  BAirrAiN ,  TicarwGciMnl  and  Piofcuor  at  fhe- 
Seriwooe.  TtamUtedfrontbeFnach.  Sixth  £ditiea,caraiidljcecnel8d. 
M.  6d. 

51.  Mining  and  Quarrying,  with  the  Sciences  connected  tfieie» 
villi.  tuU  Book  of,  for  Scbool*.  By  J.  U.  Couiks,  F.G.S.,  LKtovar  to- 
tile  Minets'  Aftodadon  of  Cotmnll  aad  Domhi.  la. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  tbu  Kcv.  Edgar 
Rand,  BA.  is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  ;i  Briel  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Nutation.  By  \\'m.  W,  I'ink,  I'r.it  tic.il  Chemist,  ic,  and  CJkorgk 
E.  Wbbstkr,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham, as. 

TH£  SCHOOL  MANAGERS*  SERIES  OF  READING 

BOOKS, 

Adapted  to  the  Reouirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  GaAIIT» 
Rector  of  fUtduan,  aad  Hooonuy  Caaoo  of  Ely;  finaedy  MM.  laqyador 
of  School*. 

IvnuwDCTORY  Fawaa,  ^ 


s.  d. 

Fourth  SrAinMUkD  .  .  .  i  a 
Fifth  „      •      .      .  .1^6 


J.  d. 

First  .Stan1MUU>    .  .06 
Sbcono 

M  •         .    O  10 

ThOUI       n  ..SO      SixiH  ,  S  '  e 

LassoKS  moM  TBa  Bnu.  Fart  I.  Old  Tettaoieat.  ts. 
LassoNs  FROM  na  Biau.   Fut  n.  New  Tertament,  to  which  is  added 
THa  Gaooaanvoe  ns  BauuiorvefjZMms  CUldiea.  fitfRev.  C. 

ad.  VOrtbaTMoPaxtsteOaaYelaiBe.  as^ 


FRENGHa 

14.  French  Grammar.  With  Complete  and  Conciie  Rules  en  the 

Genders  of  French  Nouns.    By  G.  L.  StkaDSS,  Ph.D.  is. 

25.  French-English  Dictionary.   Comprising  a  large  number  ol 
New  Terms  used  ia  Eagiaccriati  ludaf,  en  Itailwajs,  Ac.  By  Airaas- 

Elmtrs.  is.  6d. 

a6.  English-French  Dictionary.  By  AtFiXD  Elwis.  m. 

»S,j6*  French  Dictionary  (as  alcove).    Complete,  in  One  Vol.,  jg,; 
doth  boards,  3s.  6d.   *«*  Or  mth  the  Grammar,  cloth  boards,  4a.  6d. 
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Fnnoh,  cofOmutd, 

47.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  for  the  convenieace  of  Students:  several 
Vocabularies  of  WOfdlf  m.  CttMactUm  «rf  aiiltaM^  PhmW,  Mid  Xaijf  Fu^lkr 


Dialogues,  is. 


GERMAN. 

39.  German  Grammar.     Adnpted  for  English  Students,  from 

Heysc's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  StraUSS.  is. 

40U  German  Reader :  A  Series  erf* Extracts,  carefnlly  culled  ftom  tbe 
arait  mpproved  Autbon  of  GeriMBir;  with  Notei,  Fhflolegical  aad  Bs- 
planatoiT.  Bj  G.  L.  SntAOsa,  Fh.D.  n. 

41.  German  Triglot  Dictionary.    By  Nicholas  Estbrrazt, 

S.  a.  Hamilton.   Part  I.  Eni^ish-German-i^rcnch.  is. 
43.  German   Triglot   Dictionary.     Part  II.  German  French- 

Englisl),  IS. 

43.  German  Triglot  Dictionaiy.    Part  III.  Ffcnch-Gemun- 

Englisb.  IB. 

41-43.  German  Triglot  Dictionary  (at  above),  in  One  Vol.,  3t.j 
cloth  boards,  4s.        Or  with  tbe  Gbkman  OiAiauut,  cloth  boardi,  51. 

ITALIAN. 

Vf.  Italian  Grammar,  arranged  in  Tmtntf  Lessons,  with  a  Come 

of  Exercises,    By  Alfhhi>  Klwks.  is. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nuiins  arc  carefttUj  noted  doWB.   BjrAuUD  EtWSS. 

Vol.  1.  Italian-English-Frcnch.  2s. 

30.  Italian   Triglot   Dictionary.     By  A.  Elwes.     Vol.  2. 

English-Frcnch-Italian.  as. 

3a.  Italian  Triglot  DicUonaxy.  By  Alfxkd  Elwes.  Vol.  3. 
Fiencb>ItBliaii<%iigfii1i.  ai. 

48»30,  Italian  Triglot  Dictionary  (as  above).  In  One  Vol.,  6$. 
jt.    cloth  boards,  71.  6d.    *,*  Or  with  the  Italian  GmAMMAR,  doth  bdi.,  te.  6d. 


SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.  With 

a  Coumc  of  Exercises.   By  Alfred  Elwhs.   is.  6d. 

35.  Spanish-English  and  English-Spanish  Dictionary. 

Includinf^a  Inrp^r  number  of  Technical  Terms  usi-d  in  Mininjr,  En;finpering,8tc., 
with  the  jufip'  r  Ac  <  i-nts  and  tbe  Gt-ndcr  <if  evcrv  Noun.  Ity  Ai  i  kku  ElwM. 
4s. ;  cloth  boaids,  5s.  Or  with  the  Grammar,  cloth  binrd.s,  6s. 

5$,  Portuguese  Grammar,  in  a  Simple  and  Practical  Form. 
With  a  Conrae  of  Eserdaet.  By  Auraso  ELwaa,  Author  of "  A  Spaniih 
 r,"ae.  II.  <d.  i7*»t  pMiSkH: 


HEBREW. 
46*.  Hebrew  Grammar    By  Dr.  Brfsslau.    is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

containin*;  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Poit- 

Kabl  iniral  WritinRS.  Hy  Dr.  l^KRSSLAt'.  b--.    *,•  Or  with  the  Cikammar,  7s. 

46.  English  and  Hebrew  Dictionary.   By  Dr.  Brksslau.  3». 

44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  iritk 
4iBi*.    the  GBAMMAa,  clott  boaiw^  tat. 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  CoDStruction.  By  th«^  RcT.  TuOMAS  GoODWlKf 
M.A.,  Head  Master  of  the  Greenwidl  Proprietary  School,  u. 

2a  Latin-English  Dictionary.  Compiled  Irom  the  best  Autho- 
rities.  By  the  Rev.  Thomas  Goodwim,  AI.A.  as. 

tt,  English-Latin  Dictionary;  together  with  an  Appendix  of 
freocb  and  Italian  Wof<d«  whicli  have  th«ir  origio  firooi  Uie  Latta.  By  tiM 
Rev.  TnoMAa  Goodwin,  M.A.  n.  6d. 

80^23.  Latin  Dictionary  (.is  above).    Complete  in  One  Vol.,  3s*  6d.; 

cloth  boards,  4s.  (xl.    *,•  Or  with  the  Grammar,  cloth  boiirds,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Aathora, 

with  Gcncalof^ical  Vocabularies  and  Explanatory  Notes,  hy  Henrt  YoVMOi 

l.itcly  Second  M  ister  of  the  Royal  Gramm.ir  Siliool,  Guildford,  is. 

2.  Caesaris  Commcntani  deBello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  .Schools,  by  H.  Yoi;nc.  2s. 
12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Intrf>duction,  Analysis,  and  Notes  Explanatory'  and  Critical,  by  the  Rev. 
Jamis  Dwiks,  M.'A.  is. 

14.  Ciceronis  Cato  Major,  Lselius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Clarit  Oratonboi  Dialosi.  With  Notes  br  W.  Bkowmmoo  SmTft, 

M.A.,  F.R.G  S.  25. 

3.  Cornelius  Nepos.    With  Notes.    Intended  for  the  Use  of 

Scboob.  By  H.  Yomio.  11. 

6.  Horace ;  Odes,  Epode,  and  Carmen  Snculare.    Nolat  by  H. 

YOUNO.    H.  6d. 

7.  Horace;  Satires,  Epistles,  and  An Poetka.  Notes bjrW.  Bkown- 

RicG  Smith,  M.A.,  F.R.G.S.    is.  6d, 

21.  Juvenalis  Satire.  With  Prolegomena  and  Notes  by  T.  H.  S. 
EsooTT,  R.A.,  Lecturer  on  Loftc  at  luoc**  College^  London,  it.  6d. 

16.  Livy  :  History  of  Rome.  Notes  by  H.  YOUHO  and  W.  B.  SmRH, 

M.A.   Part  t.  Books  i.,  ii.,  is,  6d. 
t6*.  Part  a.  Booka  Hi.,  hr^     u.  6d. 

17.    Part  3     Books  xxi.,  xxii.,  is.  61. 

8.  Sallustii  Crispi  Catalioa  et  Bellum  Jugurthinum.   Notes  Critical 

and  Esfrianatory,  by  W.  M.  Dowm,  BJi.,  Trinity  College,  Cambridge. 

IS.  6d. 

10.  Terentii  Adelphi,  Hecvra,  Phormio.  Edited,  with  Notes,  Critical 

and  Bsplanatory,  by  the  Rev.  Jawks  Davns,  MA.  as. 

9.  Terentii  Andria  ct  Hc.Tutontimonimenos.    Wilh  Noteiy  Critical 

and  Explanatory,  by  tbe  Rev.  Jambs  Davibs,  M.A.   xs.  6d. 

11.  Terentii  Ennuchns,  Ccnmndia.  Edited,  with  Notes,  by  the  Rev. 

Jamr5  Daviss,  M.A.    ts.  6d.  Or  Oe  Ade^,  Andria,  and  Bnnocbns, 

3  vols,  in  I,  cloth  boards,  6s. 

4.  Virgilii  Maronis  Bucolica  ct  Geor^jic.T.  Wilh  Notes  on  the  Buco- 

lics by  W.  Ri'snTON,  M.A.,  and  on  the  Geor.'i.  ;  liy  H.  \ii\'sn.    is.  6d. 

5.  Virgilii  Maronis  yEncis.    Notes,  Crkic.ii  ami  Mxpl.maiory,  by  IL 
Young,  ss. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Prop  tiius, 

and  Ov;d.  Notes  by  W.  B.  Donnk,  M.A.,  Trinity  College,  Cambridge.  3«. 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruvin^ 

Sent  ra.  Quintiliaa,  Fionu,  VeUeius  Patetculttt,  Valerius  Uuaimm  Soato- 
Dius.  Apudciui.  Ice.  Notes  by  W.  B.  Domin,  M.A.  ts. 

tSf  Other  Volumet  are  in  Pre f-tir,! turn. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  ^th  the  Principles  and 

logica]  Researches  of  the  most  cminant  Sdwlin  of  oar  am  day.  By  Raxs 

Ci^uoB  Hamilton,   is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Sipnitic.-itions,  Inflection*,  and  Doubtful  Quantities.    By  HiNRY  R. 
Hamilton.  Vol.  x.  Greek'Eoglub,  3«. ;  Vol.  z.  £iiKli«h-Greok,  la.  Or  the 
Tmo  Vols,  in  One,  4a.:  dotih boaida,  s*< 
14,15.  Greek  Lexicon  (as  above).  Complete^  with  Uie  GxAMKAltin 

17.     One  Vol.,  cloth  boards,  6s. 
GREEK  CLASSICS.   With  Explanatory  Notes  in  English. 

I.  Greek  Delectus.   Containing  Extracts  from  Classical  Anthots, 
Genealogical  VocalniUric*  ana  Exidanatoiy  Notes,  by  H.  Yotmc.  Ne«r 
Edition,  with  an  improved  and  enlarnfed  Supplementary  Vocabulary,  by  Jokk 

Hutchison,  M.A.,  of  the  High  School,  GlasRow.  is. 

30.  .^schylus  :  Prometheus  VinctM? :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  Bngliih  Notei,  Critical  and  Siptuatoix. 
by  the  Rev.  Jamxs  Davies,  M.A.  is, 

32.  ^schylus:  Septem  Contra  Thebes  :  The  Seven  a^inst  Thebes. 
From  the  Text  of  Dindokf.  K<l<t(-(1,  with  English  NotM,  Oilioal  and  Sx- 
planator}-,  by  the  Rev.  Jambs  Daviks,  M.A.  is. 

40.  Aristophanes :  Achamians.  Chiefly  from  the  Text  of  C.  K. 
Wbisb.   With  Notes,  by  C.  S.  T.  Townsubnd,  M.A.   is.  6d. 

26.  Euripides:  Alcestis.  Chiefly  from  the  Text  of  Dindoef.  Widi 

Notes,  Critical  and  Explanatory,  by  Joim  UnNBK.  BJL  xt. 
23.  Euripides :  Hecuba  and  Medea.    Chiefly  from  the  Text  of  Dm* 
sow.  With  Notes.  Critical  and  Ezplaaatoiy, 'by  W.  Browkucq  Skits, 
M.A.,  F.R.G.S.  ts.6d. 

4-  17,  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 

With  Preliminary  Observations  and  Appon^ces,  and  Notes,  Critical  and 
Sl^lanator)',  by  T.  H.  L.  Lkarv,  M.A.,  D.C.L. 

Part  I.    Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  s.   Books  iii.,  iv.  (The  Thalia  and  ldelpomcne)^s. 

Fart  3.  Books  v.-iry.  (Xhe  Terpsichore^  Erato,  and  Polnuua)^  n. 

Phtt4.  fiookflvitt.,  IS.  (TlieUnuiia  and  Calliope)  and  lndeE,x».6d. 

5-  I8.  Homer,  The  Works  of.    According  to  the  Text  of  Bakumlein. 
With  Notes,  Critical  and  Ex^anatory^  drawn  from  the  best  a£d  Jatest 

ury  Obsemtto 


Authoritir-o,  with  Prelimlaaiy  Obianatiooa  aad  Appendioei^     T.  H.  L. 
Lbaay,  M.A.,  D.C.L. 
Thu  IuAd:       Part  I.  Books  i.  to  vi..  is.6d.      Part  3.  llooks  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  u.  6d.     Part  4.  Books  ais.  to  zziv.,  ts.  6d. 
Tub  Odyssby:  Parti.  Books i.  to  vIm  zs. dd.     Part 3.  Books a^ to iviia., xs. 6d. 

Fait  a.  Books  vii.  to  xik,u.6d.    Fart  4.  Books  six.  to  xaitr.,  aad 

H^mns,  2s. 

4.  Lndaii's  Select  Dialogues.   The  Text  carefully  leviaed,  vitli 

Grammatical  and  Explanatory  Notes,  by  H.  YoUNO.  zs. 

13.  Plato's  Dialogues :  The  Apolofry  of  Socrates,  the  OtHiH  end 

thePhxdo.  From  th.- Text  of  C.  F.  Hkkmann.  Edited Kotas. Critical 
and  Explanatory,  by  the  Rev.  Jambs  Daviks,  M.A.  «. 

tS.  Sophocles S  (Edipus  Tytiumus.   Notes  by  H.  Yoimo.  is. 

so.  Sophocles :  AntiRone.  From  the  Text  of  DiNDoaF.  Notes, 
Critical  and  ExpUnatory,  by  the  Rev.  John  iiiLKBR^BJL   xs.  , 

41.  Thueydidos :  Histoiy  of  the  Ptdopoonesiaa  war.  NoCct  by  H. 

Young.   Book  i.  ts.    ^  - —     ~>  • 

2,3.  Xenophon's  Anabasis;  or.  Hie  Retreat  ofiflieT«Thonsand. 

Note«  and  a  Cicotir  iphic  t!  Register,  bf  H.  TOOMO.    Fart  S.  BooiCi  t.  to  tit., 

IS.    Part  2.  Books  iv.  ti.  \  11..  is.  .  %-  *   a  »  

43.  Xenophon's  Panegyric  on  Agesilaus.  Notes  aaa  intio- 

dadaoabj Ll.  F.  W.  Jbwitt.  is. 6d. 

OfAer  ySfhtmeg  are  rW  Prepamiim, 
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